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QUANTITATIVE 
PCR 


Mx3005P™ System Mx3000P” System 


Most Flexible Most Affordable 


Mx3005 


i / 


Performance runs in the family. 
Choose the personal QPCR system that’s right for you. 


Stratagene now offers two affordable, fully-featured quantitative PCR {QPCR} : « A four- or five-color instrument, with 
" ; : user-selected filters 
systems. The new five-color Mx30G5P™ GPCR System includes expanded : 
features to support a wider range of real-time QPCR applications, such as ; * Advanced optical system design for true 
‘ multiplexing capability, and wider 


simultaneous five-target detection and alternative QPCR probe chemistries. application support 


The Mx3G00P” QPCR System is still the most affordably priced four-color 


A ® QPCR Software with enhanced data analysis 
96-well system available. 


and export functionality 


Need More Information? Give Us A Call: 

Stratagene USA and Canada Stratagene Europe 

Order: (RO) 191 SM 23 Order: 06808 FOO 7008 

Technical Services: (800) 894-1304 x2 Technical Servires: 0800 7400 7100 
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Oder 03 §°§9 Fant ist Reazrts alsa omyices ¢ limived PCR licerse in ¢>carten>> with “he lehel righ: 
Technical Services: 3-5 .55-2070 www stratagene.com accomenying euch reagarts. 
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www.cambrex.com/content/general/article.id. 1860 


Clonetics’ Primary Neuronal Cell Systems 


Biologically Relevant...Convenient...Easy to Use 


Normal Human Astrocytes Rat and Mouse Neural Cells Normal Human Neural Progenitors 

* Cryopreserved, guaranteed * Astrocytes and neurons from * Neurospheres cillerentiate into 
for 10 population doublings, Cortex, Hippocampus, Striatum, a mixed population of mature, 
stain > 80% GHAP. and Dorsal Root Ganglia. functional neurons and astrocytes. 

* Optimized media kit available * Mouse C57 Striatum and * Optimized media kits for growth 
for growth. Cortex Neurons. and differentiation. 


+ Mouse CD1 Mixed Astrocytes. 


Cambrex, the source for Clonetics® and Poietics™ Cell Systems, BioWhittaker™ Classical Media, SeaPlaque® and NuSieve* Agarose, and PAGEr” Precast Gels. 


For more infermation contact us at: 
www.cambrex.com 


U.S. 800-638-8174 | Europe 32 (0) 87 32 16 11 CAMBREX 


For Research Use Only. Not for Use in Diagnostic Procedures. 
Cambrax Ba Sciance Wal<arsvi la, Inc innovation. Experience. Performance. 
8830 B gos Ford Road Wa karsvil a, MD 21793 
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500,000 SNPS = New GeneChip® Mapping 500K Array Set Begin the whole-genome 
association studies you have been waiting years to do — right now. Use the 
proven approach to get a comprehensive understanding of the genetics of disease 
or drug response. 


1,000,000 Exons * New GeneChip® Human Exon 1.0 ST Array Add a new dimension 
to your research by monitoring genome-wide alternative splicing on a single array. 
Dig deeper and discover novel mechanisms and biomarkers at the exon level. 


45,000,000 Probes » New GeneChip* Tiling Arrays Unparalleled genome coverage 
delivers a more accurate understanding of novel transcript discovery and 
protein/DNA interactions, including chromatin immunoprecipitation assays. 
Now you can explore promoter regions or entire genomes and answer your 
most complex questions. 


1 Platform = Only Affymetrix brings you the most powerful views of the genome, 
with arrays that enable whole-genome discovery at multiple levels and provide 
better answers to your complex biological questions. Whether you’re in academia 
or industry, Be the 1 to conduct the science that leads to better insights and 
better understanding. 


www.affymetrix.com « 1-888-DNA-CHIP {362-2447} oe ia. 
Europe: +44 (0} 1828 552550 e Japan: +81-(0}3-5730-8200 The Way Ahead 


GE Healthcare oO AKTA 


~~... 


HisTrap FF crude 


Take an xpress run 
with HisTrap FF crude 


The new AKTAxpress™ TWIN has chromatography knowledge built 
in. It automatically purifies eight samples delivering >95% pure 
tagged protein. AKTAxpress can extend from two to twelve modules, 
and has been designed to adapt to your future purification needs. 
By combining AKTAxpress with HisTrap™ FF Crude prepacked 
columns, you can now apply sonicated unclarified samples without 
the centrifugation/filtration steps. Getting more histidine-tagged 
protein with less effort just takes a little pure imagination. 


Visit www.amershambiosciences.com/aktaxpress 


AKTAxpress TWIN 


imagination at work 
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COVER fossil leaf from the earliest Eocene (~55.5 million years ago) of the Bighorn 
Basin, Wyoming. The beginning of the Eocene was characterized by rapid global warming 
after a huge release of carbon into the atmosphere and ocean. Plant fossils described on 
page 993 document rapid, continental-scale changes in the geographic ranges of plants 
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Systems Biology — DNA Amplification 


Hit your hot-start PCR target first time — 


the best just got faster! 


New hot-start enzymes for high PCR specificity and sensitivity with minimal optimization! 


Specificity, sensitivity, and easy handling, combined with minimal optimization are the 
key reasons why researchers trust QIAGEN? enzymes. Now, with our 2 new hotstart PCR 
enzymes, you get successful results faster and more conveniently than ever before! 


HotStarTaq” Plus DNA Polymerase 

M@ Fast 5-minute enzyme activation time combined with unrivaled performance 
M Choice of original or ready-toload PCR buffer for added convenience 
HotStar HiFidelity Polymerase Kit 

® Increased sensitivity and reliability 


M New high-fidelity enzyme with 10-fald higher fidelity than Taq DNA Polymerase 


For fast and successful PCR results — visit www.giagen.com/goto/PCR . 


QAGEN*, JotStarTaq® 1G AGEN Groupl. Purchase o* QIAGEN products “or FCR cona’ning Tag DNA Polymerase, totStarlag DNA Polymerase. Fo-Staraq Mus DNA 
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Geltracking dyes in HotStarTaq Plus 
PCR buffer enable immediate gel 
loading 


Higher PCR specificity with QIAGEN 
(Q,,Q,) than with enzymes from 
Supplier |, Aj, or R 


What if moving from one particular 

protein to the most relevant journal 

and patent literature were as easy 
as pushing a button? 


It is. 


Not only does SciFinder provide access to more proteins and nucleic acids than any 
publicly available source, but they’re a single click away from their referencing patents 
and original research. 


Coverage includes everything from the U.S. Nauonal Library of Medicine’s (NLAJ) MEDLINE? and 
much more. In fact, SciFinder is the only single source of patents and journals worldwide. 

Once you’ye found relevant literature, you can use SciFinder’s powerful refinement tools to focus on a 
specific research area, for example: biological studies such as target organisms or discases; expression 
microarrays; or analytical studies such as immunoassays, fluorescence, or PCR analysis. From each reference, 
you can link to the electronic full teat of the original paper or patent, plus use citation tools to track how 
the research has evolved and been applied. 

Visualization tools help you understand results at a glance. You can categorize topics and substances, 
identify relationships between arcas of study, and sce areas that hayen’t been explored at all. 

Comprehensive, intuitive, seamless—SciFinder directs you. It’s part of the process. ‘Lo find out more, call 
us at 1-800-753-4227 (North America) or 1-614-447-3700 (worldwide) or visit www.cas.org/SCIFINDER. 


SciFinder’ 


Pari of the process" 


COS A division of the American Chernical Society. SciFinder is a registered tradernark of the American Chernical 
Society. "Part of the process” is a service mark of the Amencan Chemical Saciety. 
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REPORTS CONTINUED 


Cumate CHANGE: Recent Ice-Sheet Growth in the Interior of Greenland 
O. M. Johannessen, K. Khvorostovsky, M. W. Miles, L. P. Bobylev 


Satellite data show that the interior of the Greenland Ice Sheet thickened from 
1992 to 2003 because more snow accumulated there. 


Evo.ution: Ancient DNA from the First European Farmers in 7500-Year-Old 
Neolithic Sites 

W. Haak, P. Forster, B. Bramanti, S. Matsumura, G. Brandt, M. Tanzer, R. Villems, 

C. Renfrew, D. Gronenborn, K. Werner Alt, J. Burger 


Modern Europeans are mainly descended from Paleolithic hunter-gatherers rather than 
Neolithic farmers, and probably acquired agriculture through cultural transmission. 
related News story page 964 


BiocHemistry: Photosynthetic O, Formation Tracked by Time-Resolved 
X-ray Experiments 
M. Haumann, P. Liebisch, C. Mitler, M. Barra, M. Grabolle, H. Dau 
X-ray spectroscopy with a resolution of 10 microseconds reveals an elusive oxygen intermediate in the final 
step of photosynthesis. related Perspective page 982 


CREDIT: LANDESAMT FOR ARCHAOLOGIE/GERMANY 


Meoicine: Small-Molecule Inhibition of TNF-c. 

M. M. He, A. Stroustrup Smith, }. D. Oslob, W. M. Flanagan, A. C. Braisted, A. Whitty, 

M. T. Cancilla, J. Wang, A. A. Lugovskoy, J. C. Yoburn, A. D. Fung, G. Farrington, J. K. Eldredge, 
E. S. Day, L. A. Cruz, T. G. Cachero, S. K. Miller, J. E. Friedman, |. C. Choong, B. C. Cunningham 


A potentially useful small-molecule inhibitor interferes with the action of a trimeric inflammatory hormone 
by displacing a subunit and binding to the resulting dimer. 


StrucTURAL BioLocy: Structure of a V3-Containing HIV-1 gp120 Core 
C. Huang, M. Tang, M.-Y. Zhang, S. Majeed, E. Montabana, R. L. Stanfield, D. S. Dimitrov, B. Korber, 
J. Sodroski, |. A. Wilson, R. Wyatt, P. D. Kwong 


An exposed ~50 A “hook” on HIV-1 helps it bind to host cells and provides a specific target for most natural 
antibodies to HIV. 


Ecotocy: Species Loss and Aboveground Carbon Storage in a Tropical Forest 
D. E. Bunker, F. DeClerck, J. C. Bradford, R. K. Colwell, |. Perfecto, O. L. Phillips, M. Sankaran, S. Naeem 


A simulation of forest decline shows that carbon sequestration in a tropical forest in Panama varies by up 
to a factor of six, depending on which among the 227 tree species are lost. 


Borany: The Pseudo-Response Regulator Ppd-H7 Provides Adaptation to Photoperiod in Barley 


A. Turner, }. Beales, S. Faure, R. P. Dunford, D. A. Laurie 


The delayed flowering of spring-sown barley, which allows larger grain yields, is caused by a gene mutation 
that reduces the sensitivity of the flowering pathway to longer days. 
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Opt for innovation 


When Affymetrix needed unparalleled sensitivity and specificity for their next gen- 
eration GeneChip® Exon Array, they opted for RiboMinus™ transcriptome enrichment 
from Invitrogen. 


At Invitrogen, we know that discovery thrives on innovation. That’s why our broad 
os ae portfolio of innovative nucleic acid purification products offers the solutions you 
need: 


* TRIzol™ Reagent—the most popular and effective total RNA purification product 
on the market 


« ChargeSwitch® technology—high-throughput DNA and RNA purification without a 
centrifuge, vacuum, chaotropic salts, or solvents 


* PureLink™ nucleic acid purification kits—familiar spin column, 96- and 384-well 
plate, and gravity flow column formats from mini- to gigaprep scale 


+ RiboMinus™ transcriptome enrichment—novel, negative selection system 


Affymetrix is thinking differently about nucleic acid purification—isn'’t it 
time you did too? Opt for innovation. Opt for Invitrogen. 


Learn more at www.invitrogen.com/NAPrep. 


@ invitrogen” 


£2005 Invitrogen Corporation, All rights reserved, 
These products may be covered by one or more Limited Use Label Licenses (See the Invitrogen catalog or our website, www.invitrogen.com) 


Affymetrix, the Affymetrix logo, and GeneChip are registered trademarks, of Affymetrix, Inc Products may be covered by one or more of the following patents and/or sold under license 
from Oxford Gene Technology: U.S. Patent Nos. 5,445,934; 5,700,637, 5,744,305; 5,945,334; 6,054,270, 6,140,044; 6,261,776; 6,291,183; 6,346,41 3; 6,399,365; 6,420,169; 6,551,817, 6,610,482; 
6,733,977; and EP 619 321; 373 203 and other U.S. or foreign patents. For research use only, Not for use in diagnostic procedures, 


e 
sciencenow www.sciencenow.org Daily News CoverAce Science 


Y Did the Chromosome Cross the Road? www.scienceonli ne.org 


Women find humor more rewarding, neurologically speaking, than men do. 


Evolution on Ice 
Icebergs may have accelerated changes in penguin DNA. 
New Alzheimer’s Target Identified 
Findings may allow for development of safer, more specific therapies for disease. 


science’s next wave www.nextwave.org CAREER RESOURCES FOR YOUNG SCIENTISTS 


Career DeveLopment Center: Lab Dynamics—Doing Everyone Else’s Job C. Cohen and S. Cohen 
If you carry the weight of the whole lab on your shoulders, you need to reexamine your management style. 
CAREER DEVELOPMENT CENTER: How to Get a Grant GrantDoctor 
The GrantDoctor reviews some of the basic principles of good grantsmanship. 
Europe: The European Young Investigator Awards—Meet the 2005 Laureates EF. Pain andA. Forde 
Next Wave talks with some of the 2005 winners about their career paths and what made them successful. 
GrantsNet: International Grants and Fellowships Index Next Wave Staff 
Get the latest listing of funding opportunities from Europe, Asia, and the Americas. 


Doing everyone's work? Wes Loc: European Science Careers News Clips £. Pain and A. Forde 
Read about a survey on the handling of postdoctoral fellowships across Europe and more... 


Wes Loc: USA Careers in Science Web Log /. Austin 
A scientist recently profiled in Next Wave gives credit where credit is due. 


science’s sage ke www.sageke.org Science OF AGING KNOWLEDGE ENVIRONMENT 


Classic Papers 


Review: Mitochondrial Genetics of Aging—Intergenomic Conflict Resolution D. M. Rand 
Understanding biochemical and genetic conflicts between mitochondria and nucleus sheds light on aging. 
News Focus: Cancer Connection M. Leslie 
Tumor-fighter throttles life-extending protein SIRT1. 


noxaes Wareie Brushing up on history. 


Download PDFs of pre- 1990 articles on aging. 


science’s stke www.stke.org SIGNAL TRANSDUCTION KNOWLEDGE ENVIRONMENT 


Connections Map: G Protein Signaling in the Regulation of Rice Seed Germination 5S. M. Assmann 
G proteins are implicated in the regulation of rice seed germination by the plant hormones gibberellic acid 
and abscisic acid. 

Connections Map: G Protein Regulation of Disease Resistance During Infection of Rice with 

Rice Blast Fungus 5S. M. Assmann 
Just as in animals, plant responses to pathogenic agents involve G protein signaling. 


Signaling in rice. 


Separate individual or institutional subscriptions to these products may be required for full-text access. 


GrantsNet AlDScience Members Only! Functional Genomics 
www. grantsnet.org www.aidscience.com www.AAASMember.org www.sciencegenomics.org 
RESEARCH FUNDING DATABASE HIV PREVENTION & VaccINE RESEARCH AAAS ONUNE COMMUNITY News, RESEARCH, RESOURCES 
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90 years of scientific research 
more than 390,000 pages 


and over 80,000 articles 


The Proceedings of the National Academy of Sciences (PNAS) is pleased 
to announce that its legacy content dating back to the 1915 inaugural issue 
is now digitally archived, searchable, and freely available on 


the PNAS web site at | 


CIALIS {TO TO OTTO): 3... COWSK ETAL; JOUIANNISSIN ETAL 


Oxo Above, Sulfur Below 


Sulfur coordination from cysteine to iron 
likely affects the selectivity of hydrocar- 
bon oxidation by cytochrome P450 
enzymes. However, small model com- 
pounds that could offer more details on 
the reaction mechanism have been hard 
to construct, because without the protein 
scaffold, sulfur ligands are unstable in an oxi- 
dizing environment. Bukowski et af. (p. 1000, 
published online 27 October) have prepared an iron complex with 
a modified cyclotetradecane ligand, which like heme has four co- 
ordinating nitrogen atoms, but also bears a pendant thiolate group 
rigidly positioned near the metal. Mossbauer 
and x-ray absorption spectroscopy confirmed 
that this molecule can form an Fe=O bond at 
low temperature, while retaining the coordi- 
nated sulfur opposite the oxo group. The sul- 
fur-bound iron oxo favored one-electron over 
two-electron oxidation chemistry relative to 
an analogous compound in which the sulfur 
ligand was absent. 


Looking Through HOOPs 


The molecular trigger for visual response is a 
light-induced cis-to-trans isomerization in 
the retinal chromophore of rhodopsin that 


edited by Stella Hurtley and Phil Szuromi 


Climate Change and Ancient Plant Ranges 


Using a plant fossil assemblage from Wyoming, Wing et al. 
(p. 993; see the cover) show that global warming at the Paleocene- 
Eocene boundary (55.8 million years ago) caused rapid change in 
the geographic ranges of plant species. These range shifts were 
similar in rate and magnitude to climate-induced change in more 
recent, postglacial floras. Such short-term ecological change 
(<10,000 years) has seldom been shown in deep-time records be- 
cause it is difficult to resolve transient events. The assemblage 
shows “individualistic” response of species to climate change (similar 
te conclusions from studies of quaternary pollen records), and that 
the “stasis” in species composition seen in deep-time records can 
mask dramatic, geologically short-lived events. 


Piece by Piece 


The electrochemically driven 
assembly of oligomers 
from different thiophene 
monomers on an iodine- 
covered gold surface has 
been visualized by Saka- 
guchi et al. (p. 1002) with 
the scanning tunneling 
microscope (STM). The 
polymers are grown on the 
surface from the monomers 
in solution by applying 


occurs in less than 1 picosecond. Kukura etal. 
(p. 1006; see the Perspective by Champion) 
have used femtosecond-stimulated Raman 
spectroscopy to discern which atoms move 
when in this process. Their technique offers 
sufficient simultaneous time and frequency 
resolution to monitor the coherent spectral 
features due to hydrogen out-of-plane 
(HOOP) bending motions around the isomer- 
izing alkene group. By modeling the data, 
they find evidence for a pathway of rapid 
(<200 femtoseconds) electronic relaxation, 
followed by twisting of a distorted retinal 
backbone to the relaxed trans structure over 
the ensuing 800 femtoseconds. 


Transitional Forcing 


During the mid-Pleistocene, the characteris- 
tic length of glacial cycles changed from 


Bigger in the Middle 


Rapid thinning is now occurring along the perim- 
eter of the Greenland Ice Sheet, but the response 
of the interior has been more difficult to determine 
precisely. Johannessen et af. (p. 1013, published 
online 20 October) have compiled a vast set of ice 
sheet elevations (45 million points) from satellite 
observations from 1992 to 2003. The expansive 
interior of the ice sheet is increasing in thickness 
by an average of around 5 centimeters per year, 
driven mostly by increasing rates of snow accumu- 
lation. The authors suggest that this growth is the 
result of the North Atlantic Oscillation on winter 
precipitation. This effect must be considered care- 
fully when predicting ice sheet mass balance 
changes, because the behavior of the North 
Atlantic Oscillation is also thought te depend on 
global warming. 


voltage pulses to the sub- 
strate. The homopolymers 
formed from 3-octyloxo- 
4-methylthiophene have a 
lower energy gap and 
show broader features in 
the STM images than do 
those from 3-octyl-4- 
methylthiophene. In this 
way, the different types 
of copolymer strands 
formed at the surface can 
be distinguished. 


Dueling Hunger 
Hormones? 


Ghrelin, a circulating pep- 
tide hormone produced in 
the stomach, has attracted 


41,000 to 100,000 years. There has been much speculation about 
what might have caused that transition, and about the respective 
roles of high-latitude and low-latitude processes. Medina- 
Elizalde and Lea (p. 1009, published online 13 October) recon- 
structed a history of sea surface temperature (SST) in the west- 
ern equatorial Pacific warm pool for the time interval between 
1.3 million and 450,000 years before the present. The cyclicity of 
SST variability shifted from 41,000 to 100,000 years at the mid- 
Pleistocene transition, and throughout this transition, changes in 
tropical SSTs preceded changes in ice volume. The authors con- 
clude that atmospheric greenhouse forcing was the cause of the 
switch in climate periodicities at this time. 
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much attention because of its stimulatory effect on food in- 
take, but the effect of ghrelin may represent only half of the 
story. Using a bioinformatics approach, Zhang et al. (p. 996; see 
the Perspective by Nogueiras and Tschép) show that ghrelin en- 
codes a second peptide hormone that is processed from the 
same protein precursor as ghrelin. In rodents, a synthetic ver- 
sion of this hormone, obestatin, has the opposite physiological 
effect as ghrelin—it suppresses food intake. Cbestatin medi- 
ates its actions through an orphan G protein-coupled receptor, 
GPR39, which shares sequences with, but is distinct from, the 
receptor targeted by ghrelin. 
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Roche Applied Science 
LightCycler’ 480 Real-Time PCR System 


Rapid by nature, 


LightCycler® 480 Thermablack for 96 ar 384 wells, 
easily exchanged by users within minutes. 


For general laboratory use. 
Not for use in diagnostic procedures. 


This igh:Qycler* anh Reel-Time ACR Syscem is licensed uncer LS. “eter: Kon. 
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The cerhnelngy t.zed far che ightNycler® Syecem is lirersed frem lezhn Tart nele gy, 
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Modeling Complexity 


Simple models are often insufficient for predicting or explaining complex systems 
such as ecosystems or financial markets, but complex, mechanistic models can be 
difficult to test and cannot be fully analyzed mathematically. Grimm et al. (p. 987) 
review several recent advances in simulation modeling in an approach they call 
pattern-oriented modeling, a general strategy for designing and developing explana- 
tory models of complex systems. Pattern-oriented modeling can predict multiple 
observed ecological patterns at different levels of organization. This approach can be 
used to distinguish among alternative model structures, to focus on the most impor- 
tant parameters, and to simplify models when possible. 


Mainly a Cultural Legacy 


Neither archaeological nor modern DNA sequence data have resolved whether modern 
Europeans are descended from paleolithic communities inhabiting the continent for 
40,000 years, or from Neolithic farmers who arrived in Europe after the end of the 
most recent glaciation 10,000 years ago. Haak et al. (p. 1016; see the news story by 
Balter) present mitochondrial DNA sequence data derived from 7500-year-old 
Neolithic human remains excavated from sites in Central Europe to explore the extent 
to which early farmers generated the present-day genetic profile of Europe. The pres- 
ence of sequences now rare in modern Europeans suggests that early Neolithic farmers 
have left little genetic legacy, and that their impact was largely cultural. 


Targeting TNF-c Interactions 


The proinflammatory cytokine, tumor necrosis factor-a (TNF-a), plays a role in 
diseases such as rheumatoid arthritis, Crohn's disease, and psoriasis. TNF-a forms a 
homotrimer that binds to the TNF receptor to activate inflammatory responses. 
Although antibodies against TNF-a or soluble versions of the receptor are therapeuti- 
cally effective, rationally designed small-molecule drugs that target protein-protein 
interactions would be useful. He et af, (p. 1022) report on a small-molecule inhibitor 
that functions by dissociating the TNF-« trimer. The inhibitor binds to the intact bio- 
logically active trimer, accelerates subunit dissociation, and forms a complex with a 
dimer of TNF-« subunits. 


Detailed View of the HIV Spike 


The human immunodeficiency virus (HIV) envelope LR? vi 
spike contains three gp120 glycoproteins that ALK q ie 
promote viral entry into cells. Structures of gp120 *” < ny 7 
unliganded and bound to CD4 receptor have pro- ‘ 
vided important insights but have lacked the Xs 34) 58.2 
immunodominant third variable region (V3) critical uF 
for coreceptor binding. Huang et al. (p. 1025) de- 

termined the structure of V3 in the context of an 83.1 
HIV-1 gp120 core complexed to the CD4 receptor 17b 

and to the X5 antibody at 3.5 angstrom resolution. 447-52D 
The structure provides a rationale for how V3 can 

serve its dual roles in neutralization and HIV entry. 


A Time to Grow, A Time to Crop 


Barley is a very adaptable grain crop that can be grown from the Arctic Circle to sub- 
equatorial near desert regions. Part of barley's success derives from its diverse strains 
that have various responses to changes in photoperiod. Turner et al. (p. 1031) have 
now identified the Ppd-H7 gene of barley and find that it participates in the coordi- 
nate regulation of flowering by circadian clocks and seasonal photoperiod. A spring 
variety of barley shows reduced photoperiod response caused by a mutation in this 
gene that delays its flowering. Instead, the plant accumulates the vegetative mass 
required to produce more grain. 


CREDIT; HUANG ETAL 
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Biodiversity Science Evolves 


he planet's biodiversity is creasingly threatened by human activities. We have heard this before, and 

the global mantra to stop the damage has forged numerous international panels and agreements over the 

past 15 years. Yet despite these efforts to ensure biodiversity conservation, we have witnessed extensive 

population extinctions and massive deforestation and fragmentation of natural habitats, and we may even 

see the geographic contraction of major ecosystems, such as the tropical rainforest in its northernmost 

distribution in the Americas. Our quantification of species extinction is poor, yet we do 
know that the number of threatened species, including the most charismatic animals, is considerable. 
For example, 25% of all the mammals on the planet are endangered. Obviously, there continue to be 
problems with enforcing conservation in the face of social and economic growth in industrialized 
and developing countries. 

This week, DIVERSITAS, the international program on biodiversity science, is holding its first open 
science conference in Oaxaca, Mexico, to discuss why the challenge of biodiversity conservation— 
arguably one of the biggest challenges facing modern society—remains so formidable, and how the 
international scientific community can be moved into action to address this problem. The timing of this 
conference is appropriate: It follows the Millennium Ecosystem Assessment, released in May 2005, 
which provides a comprehensive analysis of past and future trends in the state of ecosystems and 
discusses what information is necessary to inform policy decisions on conservation. 

Increasingly robust databases on species distribution and analytical tools such as remote-sensing 
and climate change models have allowed us to make substantial progress toward understanding 
biodiversity distribution and rates of change. Likewise, we have begun to explore synergies between 
the drivers of biodiversity change, and there is a greater understanding of the relationships between 
biodiversity and ecosystem functioning. However, although compelling, these findings and knowledge 
are still being interpreted in isolation from one another, and this has perhaps been one of the major 
problems in achieving the goals of protecting biodiversity. The biodiversity scientific community is 
fragmented among types of ecosystems (terrestrial, freshwater, and marine); types of organisms (such 
as vertebrates, invertebrates, plants, and microbes); and, perhaps most critically, among disciplines 
(taxonomy, molecular biology, ecology, and socioeconomic sciences), Consequently, biodiversity 
science has been undervalued by the policy sectors. 

As an important move toward integration, the DIVERSITAS conference, “Integrating Biodiversity 
Science for Human Well-Being.” is providing a venue for researchers and students from different 
disciplines, as well as policy-makers, to assess the current strengths and weaknesses of biodiversity 
science and its main future challenges. The scientific challenges are enormous. We need many new 
technologies: molecular and bioinformatic tools to examine Earth’s biodiversity; a coordinated 
observation system and standardized methods to monitor biodiversity; integrated analyses and models 
of social, ecological, and evolutionary processes to predict future biodiversity changes; and large-scale 
experimental facilities and new models to understand and predict the multiple effects of biodiversity 
changes on ecosystem services and human societies. At the same time, new approaches are needed to 
optimize the multiple uses of biodiversity in ways that consider tradeoffs and conflicts between 
conservation and development options and that incorporate the ethical dimensions of biodiversity 
conservation. Conservation in human-dominated landscapes as well as protected areas (only 10 to 11% 
of the land surface) will require that it become a socially and economically attractive activity that takes 
into consideration local inhabitants and landowners. This will require new economic approaches to 
ensure that rural inhabitants are compensated when they opt to conserve their land. The Costa Rican 
experience of sustained programs of payment to farmers as compensation for setting aside forest for biodiversity 
conservation and ecosystem services is a promising example. 

For biodiversity science to progress so that it produces socially relevant knowledge—in the sense that it can help 
society to better understand and capitalize on the value of biodiversiry—it must evolve. There is an urgent need to 
integrate biological and social disciplines in order to generate reliable recommendations for society and to incorporate 
biodiversity conservation and use into mainstream policy worldwide. We need unity in diversity. 

Rodolfo Dirzo and Michel Loreau 


Rodolfo Dirzo is in the Department of Biological Sciences, Stanford University, Stanford, California, and is vice-chair of DIVERSITAS. 
Michel Loreau is in the Department of Bialagy, McGill University, Canada, and is chair af DIVERSITAS. 
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HIGHLIGHTS OF THE RECENT LITERATURE 


IMMUNOLOGY 
An Inflammatory Lineage 


Helper CD4* T (T,,) cells are traditionally 
divided into two principal lineages: interleukin-4 
(IL-4)/IL-5—producing T,,2 cells, which are associ- 
ated with allergic and antiparasitic responses, and T,,1 
cells that produce inflammatory cytokines, principally 
interferon-y (INF-y). However, the expression of the 
cytokine IL-17 by a relatively small subset of CD4* T cells 
and its association with inflammation has suggested that 
this may define a T,,1 sublineage. 

Now, Harrington etal. and Park etal. provide evidence that IL- 
17-producing CD4* T cells may represent a distinct T-helper 
population altogether, the development of which is coordi- 
nately regulated with those of T,1 and T,,2 cells. Both studies 
confirmed the dependence of IL-17 expression on signaling 
through the receptor for the cytokine IL-23 and demonstrated 
that this was independent of the signals and transcriptional 
pathways responsible for IFN-y and IL-4 production. 
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Lung inflammation induced by 
overexpression of IL-17 (lower 
row}, with increases in mucus 
production {arrows, left} and 
collagen deposition {arrow, right} 
in bronchioles. 


Furthermore, both of these T-helper cytokines were found to inhibit IL-17 expression in naive T 
cells—as opposed to differentiated IL-17*T cells—suggesting a dominant role in cross-regulation 
during early T cell priming. Given the clear association of IL-17 with tissue inflammatory responses, 
the strict management of T,,17 cell differentiation may represent a central checkpoint in prevent- 
ing immune pathologies such as those seen in autoimmune diseases. — S|S 


CLIMATE SCIENCE 
Warmer and Drier 


One effect that is expected to 
accompany global warming is 
the occurrence of more 
intense and more frequent 
droughts. Although it is known 
that protracted drought 
increases tree mortality, the 
response of forests on regional 
or continental scales to the 
kind of warmer drought that 
may occur in the future is 
poorly understood. 
Breshears et al.examined 
the impact of recent drought 
on pifion pine trees in western 
North America, focusing on 
the relationships between tree 
die-off, temperature, and 
rainfall. They found that the 
2000-2003 drought was 
not as dry as the previous 
one of 1953-1956, but 
that it occurred during a 
warmer period and hence 
might illustrate drought 
effects in the future. Their 
analysis shows that the recent 
drought caused a rapid 


regional-scale loss of over- 
story trees mainly due to 
infestation by bark beetles, 
outbreaks of which are com- 
monly caused by water stress; 
whereas the 1950s drought 
affected mainly older trees, 
the 2000s drought killed trees 
of all ages. Similar widespread 
drought in this century could 
cause large changes in carbon 
storage and dynamics, in 
fluxes of near-ground solar 
radiation, and in pat- 
terns of runoff and 


Changes in the normalized dif- 
ference vegetation index (green, 
no change; red, largest decrease} 
in the southwestern US. 
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erosion, as well as alter micro- 
climate feedbacks between 
the land and atmosphere and 
reduce the production of 
pinion nuts, an important food 
source for a number of species 
of birds, small mammals, and 
local people. — H|S 

Proc. Natt. Acad. Sci. U.S.A. 102, 15144 

(2005). 


BIOCHEMISTRY 


New Activity, Old 
Enzyme 


Ever since we realized that 
chemicals introduced into the 
environment for the control of 
agricultural pests can persist 
for uncomfortably long peri- 
ods, there has been an interest 
in microbes that are able to 
adapt to living off of (metabo- 
lizing) these synthetic carbon 
sources. In the case of the 
nematocide 1,3-dichloro- 
propene, its degradation prod- 
uct, trans-3-chloroacrylic acid, 
undergoes hydrolytic decom- 
position with a half-life of 
24,000 years at 19°C, roughly 
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equal to the half-life for @?°Pu 
decay. Fortunately, the soil 
bacterium Pseudomonas 
Ppavonaceae expresses the 
enzyme CaaD, which Horvat 
and Wolfenden show accel- 
erates hydrolysis, yielding 
malonate semialdehyde 
through addition of 
water and loss of HCl, 
by a factor of 107. 
They argue that this 
impressive rate 
enhancement is due 
largely to chemical transfor- 
mations taking place in the 
active site {as opposed to sub- 
strate binding or product 
release) and that CaaD 
appears to be a considerably 
more proficient enzyme than 
its structural cousin 4- 
oxalocrotonate tautomerase, 
all of which provides support 
for the proposal that the 
degradation of 3-chloro-acry- 
late may be a recently 
acquired activity of a rela- 
tively ancient and catalytically 
sophisticated enzyme. — GJC 
Proc. Nati. Acad. Sci. U.S.A. 102, 16199 
(2005). 


GEOCHEMISTRY 


Reversing Crystal 
Growth 


Much of the chemistry and 
dynamics of Earth's surface 
depends on the dissolution of 
minerals: It determines the 
composition of soils, rivers, 
and oceans and affects the 
amounts of major gases, such 
as CO;, in the atmosphere. 
Rapid dissolution weakens 
rocks, facilitating erosion, and 
dissolution and corrosion are 
critical in evaluating the per- 
formance of engineered struc- 
tures. Various data have 
implied that the dissolution 
rates of many minerals are 
complex functions, depending 
subtly on interacting waters, 
for example. 

Dove etal. show, both theo- 
retically and through experi- 
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ments, that for quartz, and likely for other 
silicate minerals, well-developed theories 
of crystal nucleation and growth can be 
used to understand dissolution. 
Nucleation theory involves four parame- 
ters: temperature, oversaturation, and 
two parameters that describe the energy 
and kinetics associated with a step ona 
growing crystal. The authors derive the 
analogous equations for dissolution at 
dislocations and vacancies, and show that 
the theory fits well with experimental 
data for quartz, feldspar, and a common 
clay mineral, dissolving in 
waters under a range of pH and 
salt conditions. If the result 
holds across a full range of min- 
erals, it would allow the predic- 
tion of dissolution and corrosion 
under a variety of conditions and 
temperatures. — BH 


Proc. Natl. Acad. Sci. U.S.A. 102, 15357 (2005). 


APPLIED PHYSICS 
Patterns of Light 


Polymers have found use in the fabrica- 
tion of optoelectronic and magnetic 
devices and as inexpensive, flexible, and 
lightweight templating materials. 
Patterns are created through the solvent 
or by thermally driven phase separation 
of a blend of homopolymers or block 
copolymers. One problem with using 
homopolymers is that it is difficult to 
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create large areas that are defect-free yet 
retain precise patterning on a much 


smaller scale. Block copolymers are better 


for achieving this, but changes in the pat- 
tern can require the synthesis of a new 
copolymer. 

Travasso et al. describe an alternative 
method for creating materials that are 


spatially patterned on the submicrometer 


scale and are defect-free on the millime- 
ter to centimeter scale. They consider a 
ternary A/B/C blend of immiscible poly- 
mers. Polymers A and B are chosen so 


Ternary A/B/C blends (blue/red/green) 


that the extent to which they interact or 
separate can be tuned by exposure to 
light. Initially, a uniform light source is 
used to create a homogenous mixture of 
A and B. By rastering over the sample 
with a higher-intensity secondary beam, 
defects in the local pattern can be 
annealed out. Polymer C is chosen to 
migrate to areas illuminated by the 
higher-intensity light. Thus, it is possible 
to write regions of polymer C onto a spa- 
tially patterned AB film. — MSL 


Langmuir 10.1021/la052511a (2005). 
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Science's Bacterial Pheromone for Sex and Abstinence 


Bacteria can transfer DNA through conjugation, and the 
transfer of these extrachromosomal elements contributes to 
virulence and antibiotic resistance. Chandler et al. report 
that in Enterococcus faecalis, a mammalian pathogen, the same pheromone that 
stimulates a donor bacterium to initiate conjugation with a plasmid-free recipi- 
ent is also produced by the donor itself and regulates its sensitivity to the recipi- 
ent-produced pheromone. The bacterial chromosome encodes the pheromone 
(cCF10), so both donor and recipient can produce this molecule; to prevent con- 
jugation with other donors, donor cells have two mechanisms for suppressing the 
response to the endogenously produced pheromone. One of the conjugation 
inhibitors is a secreted inhibitor protein, iCF10, which binds and sequesters 
secreted cCF10, and another is the membrane protein PrgY, which degrades or 
binds cCF10 as it is released. Using mutant bacterial strains that lacked functional 
cCF10, Chandler et al. show that cCF10 produced by the donor cells stimulates 
the production of iCF10. Donor cells grown in human plasma or in vivo also pro- 
duce the plasmid-encoded aggregation factor Asc10, which contributes to cellu- 
lar invasion and virulence of the bacteria. Albumin was identified as the plasma 
protein that bound iCF10, thereby shifting the balance between iCF 10 and cCF10, 
allowing self-induction of the conjugation genes, including the one encoding 
Asc10.— NRG 
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EDUCATION 


Brush Up Your Einstein 


The 100th anniversary celebrations for Einstein's special theory 
of relativity are winding down, but you can still bone up on his 
ideas at the tutorial Einstein Online from the Max Planck 
Institute for Gravitational Physics in Potsdam, Germany. The 
Elementary Einstein section gives beginners a quick tour of 
special relativity—which posited that time and length vary with 
speed—and general relativity, which added gravity to the pic- 
ture. The section also probes some of relativity’s consequences 
and predictions, including gravitational waves, undulating 
spacetime distortions that researchers haven't yet measured 
directly. {Above, a simulation shows gravitational waves from 
two merging black holes.) Spotlights on Relativity tackles ques- 
tions such as whether the universe contains more than three 
dimensions, a prediction of string theory. The site’s glossary 
defines more than 250 relativistic terms. 


RESOURCES 


Keeping Tabs on Rare Diseases 


Doctors have recorded only about 100 cases of Kabuki syn- 
drome, a congenital form of mental retardation. The condi- 
tion got its name because patients’ facial features— 
including arched eyebrows and elongated eye openings— 
resemble the makeup style in Japanese Kabuki theater. 
At Orpha.Net, you can find out more about Kabuki 
syndrome and hundreds of other disorders affecting no 
more than one person out of 2000. Researchers can 
search for information on a particular disease and pull 
up a description of the symptoms and underlying cause. 
The entries also record orphan drugs, treatments for rare 
diseases that are unprofitable to manufacture, and link to 
research projects and clinical trials around the world. The 
site, which has information in six languages, is sponsored 
by the European Commission, the French government, 
and other organizations. 

www.orpha.net 


NETWATCH 


edited by Mitch Leslie 


IMAGES 


Out of the Kiln 


Ceramics may bring to mind those lopsided pots and lumpy plates 
children make in grade school. But so-called advanced ceramics 
show up in everything from armor for military vehicles to bone 
implants. This site” from the University of Dayton in Ohio can help 
students and researchers under- 
stand how the fine structure of 
these newfangled ceramics deter- 
mines their properties. The Digital 
Library of Ceramic Microstruc- 
tures houses more than 900 
close-ups of materials such as this 
wadeite crystal from a flat-panel 
display (right). The collection also 
includes examples marred by cor- 
rosion, oxidation, or other damag- 
ing processes, helping users grasp 
how the materials wear. A similar 
library’ from the University of Cambridge in the U.K. stashes 
nearly 800 images of ceramics, metals, foams, and other stuff. For 
materials science teachers, the site also offers a host of lessons 
and lab exercises. 
* www.udritudayton.edu/dicm/Home.asp 
“ wavw.imsm.cam.ac.uk/doitpoms 


FUN 


From Earth to the Moon 


The NASA software World Wind can whisk you on a virtual trip to 
anywhere on Earth (NetWatch, 13 May, p. 933). Now, you can tour 
the moon with a new version of the program that uses data from the 
Clementine spacecraft, which mapped the lunar surface in 1994. 
worldwind.arc.nasa.gov/moon.html 


EDUCATION 


Sick at Heart 


Looking for a tutorial on the role of fat-ferrying molecules such as high-density 
lipoprotein (below) in inflammation? Curious about how hypertension fosters 


kidney disease? These sites from the Baylor College of Medicine 
in Houston, Texas, offer a wealth of information about high 
blood pressure and atherosclerosis. Although aimed at 
doctors, both can help researchers and students bolster 
their knowledge of these heartbreakers. For example, 
Lipids Online” features more than 30 slide shows on 
topics such as metabolic syndrome, a collection of 
symptoms including out-of-whack lipid levels and excess 
abdominal fat that promotes heart attacks and strokes. 
Visitors can also watch videos of lectures by experts in the 
field or read commentaries on new findings. At Hypertension 


Online,’ you can peruse updates on the latest drug trials and screen an 
animation that illustrates how high blood pressure injures the heart. 


* waanv.lipidsonline.org 
“ www.hypertensiononline.org 


Send site suggestions to netwatch@aaas.org, Archive: www.sciencemag.org/netwatch 
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ScienceCareers.org 
now with Next Wave 


ScienceCareers.org is the leading careers resource for scientists. e Hundreds of job postings 
And now it offers even more. In addition to a brand new website with * Career tools from Next Wave 
easier navigation, ScienceCareers.org now includes Next Wave, the * Grant information 


essential online careers magazine. Next Wave is packed with features e Resume/CV Database 
and articles to help advance your science career — all for free. * Career Forum 


: Or : 
es www, science weHt>.29 ScienceCareers.org 
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PUBLIC HEALTH 


A failed 


Pandemic or Not, Experts 
Welcome Bush Flu Plan 


The Bush Administration’s proposed flu 
plan, calling for $7.1 billion to help prepare 
the nation for a deadly influenza pandemic, 
is generally winning plaudits from public 
health experts—but not nec- 
essarily hecause they think a 
pandemic is imminent. Even 
if no such disaster material- 
izes, they say, the plan will 


have to he ordered in adyance, and the entire 
process takes 9 months. The Admmmistration’s 
plan aims to accelerate the production of flu 
vaccines by growing seed viruses in cell cul- 


Bush's Pandemic Flu Proposal 


Cell-culture vaccine manufacturing 
Purchasing influenza vaccines 


$2800 million 
$1519 million 


finance a much-needed over- Stockpiling antivirals $1029 million 
haul ot the nation’s regular flu Research on new antivirals and vaccines $800 million 
ars ee hee ini Pandemic preparedness (excluding states) $544 million 
tiative last week, President Help We aula detect and ze 

George W. Bush noted growing contain outbreaks $251 million 
concerns that the H5N1 avian State pandemic plans $100 million 
influenza now spreading west Other $9.4 million 
from Asia could acquire the TOTAL $7.137 billion 


ability to be transmitted fiom 
human to human. In caveats 
sometimes lost in general press 
accounts, Bush and other offi- 
cials emphasized that HSN1 
might not morph into a pan- 
demic strain. A plan is needed, 
they say, to combat the emer- 
gence of any superstrain of 
human influenza, an event that 
has happened three times since 
1900 and that many think is 
inevitable in the next few years. 

The biggest chunk of the 
money, $2.8 billion, would be 
spent on what Bush called a 
“crash program” to speed cell- 
based vaccine technology. The 
goal is to be able by 2010 to 
manufacture a new vaccine for 
all Americans within 6 months 
should a pandemic strike. 
Another $2.5 billion would be 
used to stockpile existing vac- 
cines and antiflu drugs. The 
two other components of the strategy are 
global surycillance and helping federal and 
state agencies prepare (see table}. The funds 
would he appropriated all at once but spent 
over several years. 

The existing method for manufacturing 
flu vaccines is outmoded and slow. Virus used 
to make flu vaccine is grown in eggs, which 


Precautionary principle. President Bush is calling for $7.1 billion 
to prepare the nation to deal with a possible influenza pandemic, 
which some experts think is inevitable. 


ture stead of eges. A half-dozen companies 
are working on cell-based flu vaccines, and 
one, Sanofi Pasteur, has already received 
$97 million from the Department of Iealth 
and Human Services (HHS). Bringing them 
to market and building capacity to make pan- 
demic vaccine for all Americans will take 
5 years, the Bush plan says. The challenges 
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involve finding a cell line in which the virus 
grows well and optinuzing it for growing high 
yields in 100,000-liter fermenters. “A lot of it 
is empitical,” says Gary Nabel of the National 
Institute of Allergy and Infectious Diseases in 
Bethesda, Maryland. Any vaccine would also 
have to go through clinical trials for safety 
and efficacy, and the production process must 
meet regulatory standards. 

Although “it’s arguable” whether cell- 
based technology will shave much off the 
production time, it will allow “surge capac- 
ity” to make larger quantitics, says Bruce 
Gellin, director of the National Vaccine Pro- 
gram Office at IMIS, because companics 
won't be limited hy the ayailable supply of 
eggs. The target is 600 million vaccine 
doses, two per person. 

The plan also calls for stockpiling available 
vaccines and drugs, The goyernment has 
already funded two companies to manufacture 
an experimental human H4SN1 vaccine. 
Depending on how much the virus changes, 
this vaccine might offer some protection 
should 1I5N1 acquire the ability to infect peo- 
ple easily. About $1.5 billion is slated for HHS 
to buy 40 million doses (enough for 20 million 
people) by 2009 and for the Defense Depart- 
ment to buy vaccine as well. Bush also wants 
Congress to pass legislation to shield vaccine 
companies from lawsuits. Some Democrats 
oppose that step, but “you will never get com- 
panies to make hundreds of millions of doses” 
of vaccine without it, says immunologist Paul 
Offit of the University of Pennsylvania. 

Another $1 billion would buy enough of 
the antiviral drugs Tamiflu (oseltamivir) and 
Relenza (zanamivir) for 25% of the popula- 
tion. It is unclear how well Tamiflu would 
work against HSN1, HHS Secretary Michael 
Leavitt notes, but it is the only stopgap meas- 
ure until a vaccine is ready. Similarly, the 
25% figure is arbitrary—“pulled out ofa hat,” 
says modeler Ira Longini of Emory University 
in Atlanta, Georgia. However, he says, because 
only one-third of the population would proba- 
bly get sick overall, “for purely therapeutic 
use, 25% would probably be enough.” The 
Infectious Disease Society of America in 
Alexandria, Virginia, has recommended a 
stockpile covering 40% of the population. 

Many other countrics plan to stockpile 
Tamiflu as well, and it’s unclear whether 
Roche, the only manufacturer, can meet 
demand, Some lawmakers are calling for 
Roche to allow other companies to license its 
Tamiflu technology. Roche said last month it 
will work with other companies to meet the » 
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Outmoded. Existing methods to make flu vaccine, 
which involve growing the virus in eggs, are too slow; 
the plan would support a cell-based alternative. 


orders. It says it can fill the US. order by sum- 
mer 2007 and plans to build its first US. plant. 
Another $251 million will be spent on help- 
ing other countries build their capacity to detect 
and respond to outbreaks, And $644 million 
will help federal agencies and states prepare. 


HURRICANE KATRINA 
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A separate, 396-page HHS plan, released 
on 2 November, describes the country’s broad 
public health strategy and spells out who 
would receive scarce supplies of vaccines and 
antivirals. Health care workers, the elderly, 
others at high risk for influenza, and pregnant 
women would be among the first in line. If 
certain groups, such as young adults, prove to 
be more vulnerable to a pandemic strain, the 
list would be revised, says epidemiologist 
Arnold Monto of the University of Michigan, 
Ann Arbor, who advised HHS in developing 
the plan, The plan also updates draft scenarios, 
released m August 2004, that predict health 
care costs alone to the United States of 
$181 billion for a moderate pandemic. In a 
severe pandemic, 10 million Americans could 
be hospitalized, and 1.9 million could dic. 

The Administration’s plan quickly drew 
congressional fire. In several hearings, law- 
makers complained that it would provide 
insufficient money to states, which are 
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expected to help pay for the antiviral drugs. 
Others have expressed concerned that the 
Department of Homeland Security will lead 
the response, rather than HHS, which has the 
appropriate public health expertise. 

The plan arrives as some experts are 
questioning whether the likelihood of a dey- 
astating pandemic is being exaggerated. 
Offit, for example, suggests that HSN1, 
which has sickened 120 people over the past 
8 years and killed about half, would have 
spread from human to human by now if it 
was going to happen, But he and others are 
praising the Bush plan anyway because it 
will help reduce the toll from seasonal 
influenza. “We're seduced into this tsunami 
mentality,” Offit says. But if you add up 
annual deaths from influenza, he says the 
numbers quickly approach pandemic esti- 
mates. Longin agrees: “I’m glad all this is 
happening, but not because of pandemic flu,” 

—JOCELYN KAISER 


Levees Came Up Short, Researchers Tell Congress 


When the levees protecting New Orleans 
gave way under the onslaught of Hurricane 
Katrina, the most common explanation at 
the time was that they simply weren’t built to 
withstand a storm of such ferocity. But sev- 
eral teams of engincers told a Senate pancl 
last week that poor design or construction 
bears much of the blame, 

The preliminary reports, from research 
teams supported by the National Science 
Foundation (NSF), the American 
Society of Civil Engineers, and the 
state of Louisiana, paint a clear pic- 
ture of how the city’s vital flood- 
protection system failed miserably. 
“If the levees had done what they 
were designed to do, a lot of the 
flooding would not have hap- 
pened,” said civil engineer Raymond 
Seed of the University of Cali- 
fornia, Berkeley. 

The U.S. Army Corps of Engi- 
neers built most of the New Orleans 
flood-control system in the 1960s, 
including levees to withstand a Cat- 
egory 3 storm. Katrina blew in as a 
Category 4, packing winds up to 
217 kilometers per hour, But 
although the storm surge on the 
city’s cast side, closer to the hurn- 
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cane’s eye, sent water over the tops of the lev- 
ees, downtown areas to the west faced winds 
and surges consistent with a Category | hurri- 
cane, with a recorded peak of 139 km/h. Two 
teams of independent civil engineers presented 
field evidence that the western levees gave way 
before water reached their tops, supporting 
carly speculation along those lines. “This was a 
preventable disaster,” said Ivor van Heerden, a 
hurricane expert at Louisiana State University 


reach. Engineers say the 142-meter gap in the 17th Street 
levee was caused by a damaged foundation. It took 5 days to close. 
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(LSU) in Baton Rouge whe is investigating the 
disaster for the state. 

The engincers told legislators that they 
couldn’t determine whether the failures 
occurred because of poor design or bad con- 
struction. But their data are sure to play a role 
in any political recriminations and the 
expected surge of civil suits, “Many of the 
widespread failures throughout the levee sys- 
tem were not solely the result of Mother 
Nature,” said Senator Susan 
Collins (R—ME), chair of the Sen- 
ate committee on Homeland 
Security and Governmental 
Affairs, which conducted the 
2 November hearing. “Rather, 
they were the result, it appears, of 
human error in the form of design 
and construction flaws.” The 
corps says that it’s too early to 
draw any conclusions. 

LSU scientists issued forecasts 
on the night before the hurricane 
struck that New Orleans would 
flood (Science, 9 September, 
p. 1656). But they assumed that the 
levees would not fail and predicted 
water only in the eastern areas. 
Van Heerden, using computer 
models, and the engincery, » 
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NEB your first choice for OEM 


PRODUCING REAGENTS TO DRIVE HIGH THROUGHPUT GENOME TECHNOLOGIES 


Choose New England Biolabs as your QEM partner and gain access Lo Lhe world’s largesl 
selection of recombinant and native enzymes for genomic research — all produced in large 
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citing observations, concluded that water 
reached only 3.7 m up the 4,3-m levee walls lin- 
ing the 17th Street and London Avenue canals. 
Independent modelers, led by civil engineer 
Joannes Westerink of the University of Notre 
Dame in Indiana, give similar initial results. 
“The water should be able to be filled chock-a- 
block to the top of the wall.” said coastal engi- 
neer and team member Tony Dalrymple. “[The 
levees] didn’t fill, [but] they failed anyway.” 

The 17th Street Canal burst through its 
banks at about 10:30 Monday morning, possi- 
bly after water penetrated, eroded, or lubri- 
cated the soil below the walls, “It’s kind of like 
a layer cake, and the whole thing slid,” says 
civil engineer Thomas Zimmie of Rensselaer 
Polytechnic Institute in Troy, New York, a 
member of the NSF effort. The levee became 
a bulldozer as the embankment slid 14 meters 
laterally, lifting and shoving trees, a shed, and 
a fence as water rushed in all around. 

Evidence found at the London Avenue 
Canal, which breached at about 9:30 a.m.. 
suggested that sand decp below the concrete 
levee wall had become saturated and unsta- 
ble, causing the levee to tip. Soil movement, 
the corps acknowledged in a prepared state- 
ment, “could have been a factor” in the 
breaches. Those failures led to flooding in 
areas including Lakeview, Gentilly, and 
downtown, Other breaches, caused by over- 
topping, led to more inundation. 

A fundamental factor in the strength of a 
leyee—especially in swampy soi]—is the 
depth of metal sheet piling driven deep 
below the levee as an anchor, Documents 
suggested that the shect piling at the London 
Avenue Canal went about 5 meters down— 
half the depth found in other areas, But engi- 
neers said they lacked definitive data. 

Those testifying proposed several low-cost 
improvements including filling gaps between 
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Washout. An investigative team with the state 
of Louisiana has proposed three ways in which 
the 17th Street levee in New Orleans was under- 
mined and breached during Hurricane Katrina. 


levee sections, more consistent construction 
standards, and a national board to inspect lev- 
ees, Van Icerden also called for strengthening 
the levees to withstand a Category 5 storm, a 
more expensive fix. A joint report on the levee 
system by the corps and other federal agencies 
is due out in July 2006. —Eu KintiscH 


Fusion Leaders Make a Diplomatic Choice 


Camepripce, U.K.—A Japanese diplomat has 
been chosen to head the International Ther- 
monuclear Experimental Reactor (ITER) 
project, the world’s most expensive scien- 
tific collaboration. Meeting in Vienna this 
week, representatives of the six mternational 
partners in the project—China, the Euro- 
pean Union (E.U.), Japan, Korea, Russia, 
and the United States—tapped Kaname 
Ikeda to lead the $12 billion fusion project, 
which aims to huild a reactor to recreate the 
sun’s power source, 

Ikeda, currently Japan’s ambassador to 
Croatia, has a degree in nuclear engineering 
and has held numezrous positions in the 
Atomic Energy Burcau of Japan’s Science 
and Technology Agency, the Ministry of 
International Trade and Industry, and the 
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National Space Development Agency. “He 
has wide experience and seems to be an 
excellent choice,” says Chris Llewellyn 
Smith, head of U.K, fusion research. 

Since choosing a site earlier this year 
(Science, 1 July, p. 28), ITER negotiators 
have heen drawing up an international agree- 
ment. Although this delicate process may con- 
tinuc well into next year, an E.U, source says 
that construction could begin at Cadarache in 
France as soon as a few weeks from now, 

However, delegates in Vienna failed to 
agree on the inclusion of India as a parmer in 
the project. India had asked to join in July, but 
sources say that some ITER partners do not 
want India to have a prominent role because 
of its failure to sign the Nuclear Non- 
Proliferation Treaty. —Daniet CLERY 
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Hot on the Toxin Trail 


David Schwartz, director of the National 
Institute of Environmental Health Sciences, 
has previewed a proposed $4 million 
program that will spur the development 
of new technologies to detect, measure, 
and track toxins both in people and in the 
environment. If all goes as planned, the 
Exposure Biology Initiative will develop 
sensor badges or bracelets to give 
researchers more precise data linking 
toxins to health. The plan also calls for 
techniques that will monitor protein- 
toxin interactions that may serve as early 
markers of problems, he reported at last 
week's Environmental Epigenomics 
Conference in Durham, North Carolina. 
Schwartz is setting up a meeting this 
winter to home in on specific goals, and 
he hopes to get the initiative up and 
running in 2006. —ELIZABETH PENNISI 


The Endless Battle Over 
Stem Cells 


Advocates for human embryonic stem 
(hES) cell research are applauding a veto 
last week by Wisconsin Governor Jim 
Doyle of a bill that would have banned all 
forms of human nuclear transfer research. 
But it’s no time to relax, says Sean Tipton 
of the Coalition for the Advancement of 
Medical Research, an hES cell research 
lobby group: The issue is heating up in at 
least three more states. 

In Florida, groups are collecting signa- 
tures for competing amendments to the 
state constitution. One would make avail- 
able $200 million in 
state grants for 
research on hES 
cells; the other 
would ban state 
funding for work 
that “involves the 
destruction of a 
living human 
embryo.” Both ini- 
tiatives must collect 600,000 signatures 
and be approved by the state Supreme 
Court to make it onto the November 2006 
ballot. In Missouri, where several legislative 
attempts to limit hES cell research have 
been defeated, former U.S. Senator John 
Danforth (R-MO) is heading a committee 
to collect 150,000 signatures to put a con- 
stitutional amendment on next fall’s ballot 
that would specifically allow hES cell and 
nuclear transfer research. In Ohio, which in 
2003 became one of the first states to fund 
hES cell work with state money, several 
bills are pending that would limit or even 
ban such research. “| imagine it will be a 
busy winter,” Tipton says. —GRETCHEN VOGEL 
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ASTROPHYSICS 


Surprise Neutron Star Suggests Black Holes Are Hard to Make 


Black holes may be harder to create than pre- 
viously believed, according to an unexpected 
discovery made with NASA’s Chandra X-ray 
Observatory. Researchers have long thought 
that any star more than 25 times the mass of 
our sun will end its life as a black hole. But 
Chandra’s finding suggests that even a star of 
40 solar masses may fail to create one. 
Because such massive stars are extremely 
rare, that raises the question of how stellar 
black holes form at all. “It’s a surprising find,” 
says Gertjan Savonije of the University of 
Amsterdam, the Netherlands. 

When a massive star exhausts its nuclear 
fuel and goes supernova, it blasts its outer 
mantle into space. The remaining core col- 
lapses into a small, dense neutron star or a 
black hole: a region of space where gravity 
is so strong that not even light can escape It. 
Astrophysicists used theories of stellar evo- 
lution to peg 25 solar masses as the thresh- 
old ahoye which anything will end up as a 
black hole. “There’s a lot of guesswork 
involyed,” says Sayonijc, because stars blow 
off varying amounts of gas into space dur- 
ing their lifetimes, Even so, the figure gave 


Confounding fate. The stellar giant that produced this neutron 
star should have ended as a black hole, researchers say. 


astronomers some idea of what to expect 
when viewing stellar corpses. 

So a team led by Michael Muno of the 
University of California, Los Angeles, was 
surprised to find the pulsating x-ray emission 
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Board Suggests How to Thrive Under Stress 


When money’ tight, it’s important to let the 
experts call the shots—but make sure they 
aren't too conservative. That advice comes 
from the governing body of the U.S, National 
Science Foundation, which has 
drafted a long-term plan for run- 
ning NSF without the promised 
doubling of its budget. The 
National Science Board’s 
(NSB’s) prescription: Give 
project managers more leeway, 
and don’t let grants to large cen- 
ters erode support to individuals. 

Coincidentally, the board issued its 
plan 1 day before a key legislative spendmg 
panel approved a surprisingly generous 2006 
budget for NSF. It’s generous only in compar- 
ison to the president’s requested 2.4% boost 
and varlier congressional action, however: 
The 3% increase will barely keep the agency 
ahead of inflation, 

Senator Kit Bond (R-MO) originally 
requested the report as chair of NSF's appro- 
priations pancl, Although his panel no 
longer has jurisdiction over the agency, NSB 
chair Warren Washington said the heard 
wanted to reexamme NSF's policies anyway 
after concluding that current economic con- 
ditions had destroyed hopes of a 5-year dou- 
bling of NSF's budget spelled out in a 2002 


reauthorization. “It’s still a big disappoint- 
ment to me that it hasn’t happened,” 
Washington says, noting that NSF's budget 
would be about 50% larger by now if the 
doubling had begun on schedule. 

“But in the meantime, we wanted 
to emphasize what NSF needs to 

do to keep the country’s basic 
science enterprise strong.” 

One essential step, according 

to the draft plan, “2020 Vision 

for NSF” (www.nsf.gov/nsb; 

NSB 05-142), would be to streng- 
then the hand of program officers in 
choosing from among a surfeit of good 
research proposals, It’s part of the board’s 
hunger for more “transformative” research 
(Science, § October 2004, p. 220): experi- 
ments with the potential to radically change a 
field rather than simply add incrementally to 
what is known. “Often a program officer will 
get amixed set of reviews,” says Washington. 
“We shouldn’t allow one negative review to 
kill a proposal if the program officer thinks 
that it’s worth taking the risk.” 

The board also weighed in on the never- 
ending debate about the proper balance 
between the number, size, and duration of 
grants, It suggested that NSF should fund a 
larger and more diverse pool of researchers, 


of a neutron star in a young, 
massive, compact star cluster 
known as Westerlund 1. In 
such clusters, the stars are 
thought to have been born all 
at the same time, in this case, 
about 4 million years ago. 
More-massive stars have 
shorter lives because they 
burn more fiercely, so the pro- 
genitor of the neutron star 
(designated CXO J164710,2- 
455216) must have been one 
of the most massive stars in the 
cluster. As there are 35-solar- 
mass stars still around in the 
cluster, the researchers guess 
the neutron star progenitor 
must have been at least 40 solar 
masses. In a paper accepted 
tor publication in Astraphysi- 
cal Journal Letters (arxiv,org/ahs/astro- 
ph'0509408}, Muno and colleagues conclude 
that some of the most massive stars do not 
become black holes as predicted. 

Why not? Frank Yerhunt of Utrecht » 


even if it means suboptimal funding of indi- 
vidual grants and fewer large awards, And it 
challenged NSF administrators to “increase 
the impact” of its science education pro- 
grams, a portfolio that the Bush Administra- 
tion has tried to cut sharply in the past 
2 years, by doing a better job of applying 
new research findings to the classroom. 

The board’s ideas are “perfectly consis- 
tent with our initiatives,” says NSF Director 
Arden Bement. Program officers already 
have the ability to seed novel ideas, he 
notes. But Bement says he’d also welcome 
congressional authority to add staff, to 
relieve the growing workload and allow 
program officers to he even more creative. 

Last week’s budget action, by House 
and Senate conferees, would give NSF an 
additional $164 million, for a total of 
$5.64 billion. NSF’s research account 
would grow by $155 million, to $4.38 billion, 
and its education programs would drop by 
only $36 million, to $805 million, rather 
than by the $104 million cut requested by 
the Administration. The bill would fund all 
new research facilities requested in 2006 
except for the high-energy RSVP project 
at Brookhaven National Laboratory in 
Upton, New York, 

—JEFFREY MERvis 
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University in the Netherlands says that ifthe 
progenitor star had been part of a binary 
system, its companion could haye siphoned 
off enough mass to keep the giant star from 
collapsing into a black hole. “Recent cyelu- 
tionary calculations show that in a binary 
scenario, you almost always end up with a 
neutron star,” Verhunt says. 

Muno agrees that such a scenario is possi- 
ble, But ifthe neutron star is stil] sitting in the 
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cluster, its bloated binary partner should stil 
be around too—yet, Muno says, infrared 
obseryations of the neutron star reveal no 
binary companions more massive than our 
sun, “It’s still important to consider other rea- 
sons why some extremely massive stars won't 
collapse into black holes,” he says. 

—Govert SCHILLING 


Govert Schilling is an astronomy writerin 
Amersfoort, the Netherlands. 


Schools Cheer Rise in Foreign Students 


The number of foreign students enrolling in 
US. graduate programs has gone up this fall 
for the first time since 2001. Educators 
attribute the I‘! increase over last year, doc- 
umented in a survey by the Council of Grad- 
uate Schools (CG$}, to improvements in visa 
processing and scc It as the reversal of a trend 
that began after the 2001 terrorist attacks. 
But they remain concerned 
that the United States may still 
be losing its attractiveness as a 
destination for students from 
around the world. 

The increase, reported by 
125 institutions that responded 
to a survey of 450 schools, 
comes in spite of a 5% decline 
in international applications 
compared to last year. The 
number of students from 
China and India—the two 
largest sending countries—has 2 
risen by 3%, and enrollments 
from the Middle East are up ta) 
by 11%. Engineering enroll- 
ments, a top draw among 
international students, are up 
3%, and the physical sciences 
recorded a 1% rise, 

“Visa problems—the main factor that hob- 
bled enrollments in recent years—are clearly 
being addressed,” says CGS president Debra 
Stewart, who on a recent visit to the U.S. con- 
sulate in Beijing leamed that approyals of stu- 
dent visa applications had shot up to more than 
80% from less than 50% a year ago, “Things 
ave moving ina good direction.” 

But [Heath Brown, CGS’s director of 
research and policy analysis and the author 
of the study, finds it troubling that a 
smaller fraction of international stu- 
dents—38% compared to 43%—chose to 
enroll after heing accepted. “It’s possible that 
some of these students are going to other 
countties,” says Brown. Stewart says one way 
forthe United States to stay ahead in the global 
competition for talent would be to make it eas- 
ier for foreign students with advanced U,S. 
degrees to gain permanent residency. 
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The Door Reopens 


China 


John Martin of the Federation for 
American Immigration Reform in Wash- 
ineton, D.C., thinks that would be a bad 
idea. “We think the increased enrollment 
of foreign graduate students, particularly 
in science and math, has discouraged 
American students from pursuing scien- 
tific and engineering careers,” he says. 


india South Korea Middle East 


Renewed welcome. Faster U.S. visa processing has boosted 
graduate enrollments from the biggest pools of international 
talent and the Middle East. 


“Foreign graduate students who end up 
with science and engineering johs in this 
country tend to hold down salary increases 
in thase ficlds, so it’s natural for American 
students to pursue ficlds like law in which 
they see greater economic rewards.” As a 
consequence, Martin says, the United 
States is becoming more and more depend- 
ent on foreign scientific talent, 

Unlike Martin, most university officials 
are hoping this year’s increase will turn out 
to be the heginning of an upward trend. 
Sherif Barsoum of the Office of Interna- 
tional Education at Ohio State University in 
Columbus is particularly encouraged by the 
numbers from the Middle East. “The 
post-9/11 perception of U.S. campuses 
being unfriendly to foreign students seems 
to be fading,” he says, 

—YUDHIJIT BHATTACHARJEE 
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Europe to Cut Lab Animal Tests 


European governments and industry plan 
to reduce animal testing and develop bet- 
ter alternatives. On 7 November, the 
European Commission (EC) and leading 
industry associations agreed to cut the 
number of animals used for basic 
research, toxicology, and quality control 
of health products from 11 million a year 
to $ million by 2007. 

Although lean on specifics, the agree- 
ment should also help coordinate 
research activities to develop animal- 
friendly methods, such as cell cultures 
and computer modeling. The parties will 
work together to facilitate the official 
validation of methods and ease the regu- 
latory acceptance process. “We have 
never before had the opportunity to work 
together in such an integrated manner,” 
says Alain Perroy of the European Chemi- 
cal Industry Council. 

The EC has promised to add an 
unspecified amount to the $16 million it 
already spends each year on alternative 
testing methods. 

—XavieR BoscH 


U.S. Science Budgets Emerge 


A month into the new fiscal year, the 
2006 budget is finally taking shape, and 
U.S. science lobbyists are cautiously opti- 
mistic. Under a consensus bill passed by a 
joint House-Senate committee this week, 
the Department of Energy's Office of 
Science would receive $3.63 billion, a 

1% rise over 2005 and $170 million more 
than the White House requested in Febru- 
ary. Funding for nuclear bunker-buster 
research sought by the Pentagon was not 
granted, and the National |gnition Facility 
superlaser at Lawrence Livermore 
National Laboratory in California escaped 
a Senate attempt to close it. 

Lobbyists also cheered continuation of 
the National Institute of Standards and 
Technology's Advanced Technology Pro- 
gram, seen as corporate welfare by con- 
gressional critics, and a 9% boost to the 
president’s request for the National 
Oceanic and Atmospheric Administration, 
to $3.9 billion. NASA will get $16.5 billion, 
the requested amount, and $260 million 
more than last year, although Administra- 
tor Michael Griffin told lawmakers last 
week that a shuttle shortfall of up to 
§5 billion could eat into applied research. 

One last concern is a feared 11th hour 
across-the-board rescission to make room 
for disaster relief and the Iraq war. “I've 
seen people saying everybody has to take 
their medicine,” says Robert Boege of the 
Alliance for Science & Technology 
Research in America. —Eut KINTISCH 
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PRIZE FOR 
NEUROBIOLOGY 


And the 2005 winner is... 
Pingxi Xu, M.D., Ph.D. 


University of Texas Southwestern Medical Center 


Congratulations to Dr. Pingxi Xu on winning the 2005 Eppendorf & Science 
Prize for Neurobiology for elucidating the role played by the odorant-binding 
protein (OBP) LUSH in pheromone recognition in Drosophila. Dr. Xu’s findings 
suggest that OBPs may do more than simply transfer pheromones to neuron 
receptors—they may act as coligands, mediating pheromone recognition. 
Further studies may reveal ways to apply this knowledge to combating and 
preventing insect-spread disease. 


The annual $25,000 Eppendorf and Science Prize honors young scientists 
for outstanding contributions to neurobiology research. Dr. Xu is the fourth 
recipient of this prestigious award, and he will be honored at a ceremony held 
during the week of the 2005 Annual Meeting of the Society for Neuroscience. 


If you have received your Ph.D. or M.D. within the past 10 years, you may be 
eligible to win the 2006 Prize. Entry deadline is June 15, 2006. For more 
information: www.eppendorf.com/prize or www.eppendorfscienceprize.org 


9700-A125-SCN © 2000. 2005 Eppanciof AG. Eapendort* is aregetered trademark of Eppendorf AG. Tes {ile SCIENCE is a registered trademark of 
ihe AAAS, Background imager Bectron Micrograph © Dennis Kunkel Microscopy * wavs. Gannwekunkil 


CRLDITS: RIUTIRS; (INS=T) CO..RTES¥ OF A. AK YIN 


EPIDEMIOLOGY 


Russian Cancer Study Adds to the 
Indictment of Low-Dose Radiation 


A Cold War environmental calamity appears 
to be the cause of a spate of cancers in the 
Russian heartland. A landmark study this 
month by US. and Russian scientists blames 
excess cancers in the Ural Mountains on 
chronic exposures to radioactivity leaked 
trom a weapons plant a half-century ago, 

The study is the latest blow to the notion 
that there is a threshold of exposure to radia- 
tion below which there is no health threat (and 
there might even be a benefit). The results add 
weight to last summer’s report from the U.S. 
National Research Council, which backed the 
hypothesis that radiation is risky even at the 
smallest doses (Science, 8 July, p. 233). 
Although that conclusion had been inferred 
from Japanese atomic bomb survivors, 
the Russian study—along with a recent 
report revealing an elevated cancer risk 
in nuclear workers 
around the globe— 
provides the strongest 
direct evidence yet 
of chronic, low-dose 
health effects. 

Both sets of find- 
ings indicate that 
workplace radiation 
standards are correct 
in erring on the safe 
side. In 1991, the 
International Com- 
mission on Radiologi- 
cal Protection (ICRP) 
set an annual work- 
place limit of 20 mil- 
lisieverts (mSv) per 
year over 5 years, 
which assumes there 
is no safe level. “This 
is an endorsement 
of the precautionary 
approach as a tool for 
radiation protection,” says Lars-Erik [olm, 
director general of the Swedish Radiation 
Protection Authority and [ICRP chair, 

The new data come from villagers down- 
stream from the Mayak weapons complex in 
the southern Urals, victims of the struggle 
for nuclear supremacy. From 1949 to 1956, 
they were exposed to a steady stream of plu- 
tonium production byproducts released into 
the Techa River. After the Soviet breakup, 
US. experts—including atomic bomb radi- 
ation expert Dale Preston, now at Hirosoft 
International Corp, in Eurcka, California, 
and epidemiologist Elaine Ron of the US. 
National Cancer Institute—joined forces 
with colleagues at the Urals Research Cen- 
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Low-dose risks. A study of cancers in Muslyumovo (inset) and other 
villages near the radionuclide-laden Techa River points up the importance 
of limiting exposure to radiation in the workplace. 


ter for Radiation Medicine in Chelyabinsk 
to scrutinize the health of 25,000 people 
who lived in 41 villages along the Techa 
between 1950 and 1952, when radioactivity 
releases climaxed, and nearly 5000 people 
who moved to these communities between 
1953 and 1960, 

The biggest challenge has been getting 
a handle on individual radiation doses, 
which remain uncertain, The team has 
measured strontium- 
90, the most common 
downstream radioiso- 
tope, in teeth from 
scores of subjects and 
conducted whole- 
body counts of stron- 
tium and cesium-137. 
They have at least 


ong strontium measurement for more than a 
third of the villagers. 

According to death certificates, 
1842 villagers died fiom solid mmors other 
than bone cancer, the prevalence of which 
would have heen skewed by strontium-90. 
And 49 died from leukemia, not counting 
chronic lymphocytic leukemia (CLL), which 
isnot thought to be triggered by radiation. The 
researchers attributed deaths above the hack- 
ground rate to radiation—46 from solid can- 
cer (2.5%) and 31 from leukemia (63%). The 
risks increase with estimated dose, the team 
reports in the November issue of Radiation 
Research, “People were hoping that the risks 
would be a lot lower,” says Lynn Anspaugh, 
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now at the University of Utah, Salt Lake City, 
who helped with the study's dosimetry. 

The figures, although alarming, are in line 
with the largest study of nuclear power wo1k- 
ers ever carried out, A team led hy Elisabeth 
Cardis of the International Agency for 
Research on Cancer in Lyon, France, pooled 
data on more than 400,000 plant workers in 
15 countries. In this group, 6519 have died 
from solid cancers and 196 from non-CLL 
leukemias. The finding suggests that between 
1% and 2" of the deaths may he due to radia- 
tion, the team concluded in the 29 June issug 
of the British Medical Journaé. 

It’s an “impressive study," says [olm, 
although he and others flagged a short- 
coming: Smoking 
may account for a 
large share of deaths 
attributed to radia- 
tion. In the study, the 
risk of smoking- 
related tumors—pri- 
marily lung can- 
cers—is much higher 
than for other solid 
cancers. Cardis points 
out that the paper 
acknowledges smok- 
ing as a confounding factor. “Although smok- 
ing may play a role in the increased risk of all 
cancers excluding leukemia, it is unlikely to 
explain all of the increased risk observed,” she 
says. Future publications will address con- 
cerns about the study’s methods, she says. 

Although the Cardis study has been 
challenged, exhibit B in the low-dose indict- 
ment, the Techa River study, provides cor- 
roborating evidence. The two studies come 
to “practically the same conclusion,” says 
Peter Jacob of the Institute of Radiation Pro- 
tection in Neuherberg, Germany. That 
means that the 20-mSv standard is unlikely 
to budge, despite arguments from industry 
that it is too stringent. The Russian results 
are “a setback for those who hope for a 
telaxation of the standards,” says Anspaugh. 
The United States is one of the few nations 
that does not use the ICRP standard; it 
permits exposures up to 50 mSv per year. 

In practice, most nuclear industry work- 
ers are exposed to far less radiation than the 
ICRP limit. That’s a good thing: The average 
lifetime dose in the Cardis power plant 
study was only 19.4 mSv, with less than 
0.1% of workers receiving more than 
500 mSv. Calculations in the Techa study 
suggest that the vast majority of villagers 
received less than 50 mSy of lifetime accu- 
mulated dose to the stomach. In light of 
ongoing efforts to refine these estimates, 
says Urals center director Alexander 
Akleyev, cancer risks should be viewed as 
“preliminary,” Jacob agrees: “This is not the 
final word,” he says. —RICHARD STONE 
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News Focus 


Researchers have dug up some surprising evidence casting 
doubt on the long-held belief that microbes are impervious to 


geographic constraints 


Biogeography: 
Is Everything Everywhere? 


How would the world look if marsupials, 
instead of being confined to the sanctuary and 
prison of Australia, had heen forced to confront 
every other carnivore, tree-climber, burrower, 
and grazer on the planet? Our ideas about ecol- 
ogy. evolution, and 
history would be quite 
different had they 
been derived from 
studying animals that 
had crossed oceans, 
mountains, or deserts 
to seek out suitable 
environments. Polar 
bears in the Antarctic? 
Penguins in Alaska? 
Chimpanzees in Ama- 
zonia? Kangaroos on 
the Serengeti? 

The picture seems 
far-fetched. Yet for 
about a century, 
microbiologists have 
believed that the 
organisms they study are unhin- 
dered by geographic boundaries. 
traveling the world and thriving 
wherever they find their preferred 
environment—te it hot springs, 
freshwater ponds, or rotting fir 
trees. That view gives researchers 
who study microbes a rather dif- 
ferent perspective on the world. 
As the Dutch biologist Lourens 
Bass-Becking put it in 1934: 
“Everything is everywhere; the 
environment selects.” 

Or maybe not. In the past few 
years, many microbial ecologists 
have come to believe that microbes 
are not infinitely mobile. Bass- 
Becking’s dictum is really only 
“an assumption,” says Jessica 
Green of the University of Califor- 
nia, Merced. “It’s based ona confu- 
sion of hypotheses for facts.” 

DNA studies have given us a 
more detailed picture of micro- 
bial diversity that, argue some, 
demands a move nuanced view of 


Lake effect. B 


microbial ecology. Those nuances have 
spawned a debate over what the DNA data 
actually show, and how a molecular view of 
microbial diversity can be compared with 
our species-based view of plant and animal 
ecology. Answering those 
questions, in turn, will help 
scientists better understand 
the crucial role played by 
microbes in keeping our 
ecosystem livable. 


On Priest Pot 

Bland Finlay of the Centre 
for Ecology and Hydrology 
> (CEH) in Dorset, U.K., has 
spent a quarter of a century 
building up evidence to sup- 


; 
ache 
és 


land Finlay has plumbed Cumbria’s Priest Pot for a quarter- 
century of discoveries involving ciliate protozoa. 


port Bass-Becking’s view of microbial ubiq- 
uity, much of it gathered in a small lake in 
northern England called Priest Pot. For cxam- 
ple, he has found that a mere 25 microliters of 
sediment from Priest Pot contains 40 of the 
world’s 50 known species of the protozoan 
Paraphysomonas. What's more, each species’ 
abundance in the sample matches its abun- 
dance worldwide. Everywhere he goes, Finlay 
finds identical ciliates: “‘There’s no convincing 
evidence for endemic species,” he says. “I 
see the same ones in Scotland, New Zealand, 
and central Africa.” 

The main cause of microbes’ ubiquity is 
their vast populations, says Finlay. Although a 
specific ciliate is extremely unlikely to make 
a long journey, there are so many of them 
that some inevitably will hitch a ride via 
wind, water, a bird’s foot, or a 
clump of floating vegetation. 
Many can tolerate a wide range of 
environments—salt- and fresh- 
water, for example—and they have 
an astonishing ability to hunker 
down in harsh environments until 
their moment arises. 

Cultured in its native condi- 
tions, a gram of Priest Pot sediment 
yields 20 species of ciliate proto- 
zoan. But when Finlay’s team tested 
that sediment in the lab under dif- 
ferent conditions—altering salin- 
.\_ ity, temperature, illumination and 

so on—it found 137 species. And 
the total keeps rising. He thinks 
those findings argue strongly for 
the idea that the lake 
contains not only all 
the species adapted to 
its conditions but also a 
“seed bank” of many 
others that have arrived 
and survived, but not 
thrived, Everything 
seems to be every- 
where, even if it is not 
immediately obvious. 
“There is no biogeogra- 
phy for anything smaller than 
1 millimeter,” he says. 
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But Green believes that our understanding 
of microbial diversity is too sketchy to support 
such statements. “[Finlay] has shown that 
there’s similarity at certain points, but the sam- 
pling effort on a global scale isn’t enough to 
make these sweeping generalizations,” she 
says. Green is one of a wave of researchers 
using molecular studies to probe the patterns 
in microbial diversity. The ability to sequence 
DNA samples from the environment has 
allowed scientists to detect far more than the 
1% of microbes that can be cultured in the lab- 
oratory. It has also revealed how they vary 
from place to place. 

Studying ascomycete soil fungi in the Aus- 
tralian desert, Green and her colleagues have 
found that the genetic differences between 
fungi from different locations increase with 
distance. Others have found that archaea of the 
genus Sulfolobus living in the hot springs of 
Yellowstone and Lassen U.S. national parks, 
for example, are more similar to each other 
than to those found on Russia’s Kamchatka 
peninsula. “We are beginning to see biogeo- 
graphic patterns in microorganisms,” says 
Claire Horner-Devine of the University of 
Washington, Seattle, lead author of a study of 
New England salt-marsh bacteria with similar 
results. “There will be 
organisms that are global 
and can get anywhere, and 
you'll also find ones that 
don’t have those ranges.” 

Biologists studying 
plants and animals real- 
ized 150 years ago that 
the number of species 
found ina patch of habitat 
climbs as the area of the 
patch increases, a biogeo- 
graphic pattern called the 
species-area relationship. 
A CEH team led by 
Christopher van der Gast 
recently argued that the 
same held for the bacteria 
living in oil-filled sump tanks im engimeering 
machines and in water-filled tree holes in 
Amazonia. This seems to contradict the 
“overything-is-everywhere™ yew, in which the 
relationship between a place’s area and the 
microbial species it contains is essentially flat. 

Ong complication is that limited dispersal 
is not the only thing that could create geo- 
graphic yariation in microbes. A big challenge 
is to separate the effect of environmental het- 
crogencity—which everyone accepts will 
cause biological differences—tfrom diver- 
gences caused by dispersal. Finlay and his col- 
league Tom Fenchel of the University of 
Copenhagen, Denmark, have argued that van 
der Gast’s tree-hole study found more diversity 
in larger sites because larger sites are environ- 
mentally more heterogeneous, not because 
they are casicr to disperse into or harder for 
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populations to go extinct in. 

“The next frontier is to fig- 
ure out whether the patterns are 
due to environmental selection 
or to evolution and diversifica- 
tion,” says Jennifer Hughes of 
Brown University. She says a 
handful of published studies so 
far show geographical patterns 
when environmental differ- 
ences are controlled for. 


Phenotype matters 

More vexing is the issue of how to make 
sense of the molecular data themselves. 
Some helieve that microhes seem ubiquitous 
because our view of them is blurry. Many 
studies assign microbes to different species if 
their ribosomal DNA is less than 97% identi- 
cal. If that were done with animals, Green 
points out, all primates fram humans to 
lemurs would likely be lumped into one cate- 
gory—creating a group with far more cosmo- 
politan distribution and habits than any of the 
species erected by traditional naturalists. 
What's needed, she says, is a study that would 
detect whether and how the patterns in 
microbial diversity compare with those scen 
in plants and animals—at scales from a cubic 
centimeter to intercontinental, She aims to 
do this for the bacteria in Mediterranean- 


bacteria at two high-altitude locations in Chile. 
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type ecosystems in 
Chile, California, and 
South Africa. 

But Fenchel bel- 
ieves that simply 
comparing DNA 
seq-uences misses 
biological reality. 
Microbial species tend 
to be very old, he says, 
and have accumulated a lot of 
“neutral” genetic variation 
that has no evolutionary 
effect. If you look hard 
enough, he argues, every indi- 
vidual will be different. 

Fenchel favors classify- 
ing microbes by what they 
look like and what they do. 
“The molecular data are 
super, but you shouldn’t for- 
get the phenotype—and 
some of the molecular chaps 
do,” says Fenchel. “A couple 
of years ago, people thought 
genetic analysis was the 
bees’ knees and that it would 
clear up all the questions,” 
adds Finlay. “I don’t think 
this is true at all’ And many 
microbiologists believe that 
the ability of distantly related 
bacteria to swap DNA may 
further confuse our picture of 
their diversity and distribution. 

The debate about microbial biogeogra- 
phy is about more than how many bacteria 
can dance on the head of a pin. Microbes 
support the visible living world and provide 
trillions of dollars’ worth of ecosystem 
services for free, cleaning air and water and 
keeping soil fertile and healthy. They are a 
critical component of efforts to restore 
degraded ecosystems. As pathogens, they 
help regulate the populations of plants and 
animals, and their absence may be one fac- 
tor behind the success of invasive species. 

To understand these processes, says 
Horne1-Devine, we must understand microbes’ 
ecology and how they will respond to stresses 
such as climate change and pollution. “To 
know how we're affecting these communities, 
we need to know what the pattems in spatial 
and temporal variations are,” she says. Such 
knowledge will help build a biology that 
applies to all life on Earth. 

“Comparing microorganisms with plants 
and animals will highlight where we sce 
patterns and processes that could be the same 
for all domains of life." says Horner-Devine, 
“That would be pretty phenomenal.” 

—JOHN WHITFIELD 


John Whitfield, a science writer based in London, is 
the author of the forthcoming book ét the Beat of 
a Heart: The Search fora Unity of Nature. 
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The Baroness and the Brain 


Best known for her popular writing, neuroscientist Susan Greenfield has launched a new 
center at Oxford to investigate consciousness 


Oxrorp, U.K.—C hatting amicably around a 
long oval table sit a couple of dozen 
researchers interested in how the brain 
works, This is the first gathering of the 
Oxford Centre for the Science of Mind, an 
ambitious project Involving people with a 
diverse set of skills and interests, Today’s 
first order of business is to choose a 
keynote speaker for a conference on con- 
sciousness next year. All eyes turn to acom- 
mandingly tall woman with Iconine fea- 
tures, Director Susan Greenfield, as she 
throws out a suggestion: “How about the 
Dalai Lama?” There are chuckles around 
the room, but it soon becomes clear that 
Greenfield is serious—and that she could 
probably make it happen. 

A neuroscientist at Oxford University 
for 30 years, a politician, and celebrity, 
Greenfield rose through the academic ranks 
like a bottle rocket, but she didn’t stop there, 
Over the past decade, she has become a 
household name in the United Kingdom, the 
author of 10 popular science books, the host 
of a TV series about the brain, and the first 
woman director of London’s Royal Institu- 
tion, a 200-year-old venue for the public 


understanding of science. Along the way, 
she has been tapped as a scientific adviser 
by both the U.K. and Australian govern- 
ments. In 2001, she became a lifetime mem- 
ber of the U.K. House of Lords with real 
decision-making power. 

“She has been immensely energetic and 
effective,” says Martin Rees, an astrophysi- 
cist and Master of Trinity College at the Uni- 
versity of Cambridge, U.K., “expounding 
and debating scientific ideas and issues to a 
wider range of audiences than most scientists 
ever reach.” But critics say Greenfield’s 
ascendancy has been fueled hy selpromotion 
rather than published research. They grum- 
ble that she appears to have left real science 
behind without delivering on the promise of 
her early ideas. 


Science rock star 

When it comes to the media, most scientists 
are shy creatures, preferrme the snail’s pace 
of peer-reviewed journals to the glamour— 
or terror—of a 30-second TY interview, Not 
Greenfield. She comes alive in the spot- 
light, “1 get a terrific kick out of engaging 
with the public,” she says. “As an academic, 


Big agenda. Dubbed Britain's “14th most powerful woman” by the press, Susan Greenfield is a skilled 


attention getter—here in an appeal for new high-tech ventures. 


you just sit there with al] the ideas and have 
very little influence, ... but I'd rather see my 
ideas translate to policy that makes a differ- 
ence in people’s lives” 

Greenfield's early career gave no clue that 
the neuroscientist, now 55, would hecome 
“the 14th most powerful woman in the UK.” 
and one of “the 300 most influential people 
in the world,” as two British newspapers have 
ranked her. Mer research has centered on a 
workhorse molecule of the nervous system 
called acetylcholinesterase (AChE). 

“She first made a name for herself with a 
very bold idea about AChE,” says Hermona 
Soreg, a neuroscientist at the Nebrew Uni- 
yersity in Jerusalem, Israel; namely, that the 
enzyme might be a link between several 
neurodegencrative discases—A Izheimer’s, 
Parkinson’s, and possibly also motoneuron 
discasc—"but not as an enzyme,” Whereas 
an enzyme’s job is to catalyze a chemical 
reaction—AChE splits the neurotransmitter 
acetylcholine into choline and acetic acid— 
Greenfield proposes that AChE does more: 
It may also interact with proteins to stimu- 
late neuron growth during development, 
and this pathway may become deranged in 
the adult brain, she believes, leading to neu- 
ronal death and other symptoms shared by 
neurodegencrative diseases, “If her idea 
turns out to be true, it would be an amazing 
breakthrough,” says Jean Massoulic, a neuro- 
scientist at the National Center for Scien- 
tific Research in Paris, France. But, he adds, 
“in my view, it is still not proven that AChE 
even has nonenzymatic roles.” 

Everything changed for Greenfield in 
1994 when she was invited to give the 
annual Royal Institution (RI) Christmas 
lecture on television, the first woman to do 
so. Soon after that lively presentation on 
brain function, she says, “one thing just led 
to another,” She began writing regular 
columns for newspapers, weighing in on hot 
topics such as whether marijuana should be 
legalized—Greenfield believes not—and 
producing popular books about the brain. 
Greenfield became a familiar face on tele- 
vision. She even appeared in the U.K. 
tabloid magazine Hello! 

In 1998, Greenfield was tapped to be 
director of the RI—again, the first woman 
so honored—running Britain’s oldest insti- 
tute for showcasing science. In 2001, a 
committee of U.K. politicians appointed 
her a member for life of the House of Lords 
as part of an effort to include nonpolitical 
experts in the legislative branch. Now 
known as the Baroness of Otmoor in the 
County of Oxfordshire, Greenfield can 
vote on laws, although she says her “most 
important contribution there is to take 
part in debates.” 
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But Greenfield is interested in more than 
talk; she wants to put ideas into action. One 
of her initiatives, called the Science Media 
Center, offers briefings for journalists on 
scientific issues and rallics researchers will- 
ing to he interviewed on short notice, “It 
makes a tremendous difference,” says David 
King, a chemist at the University of Cam- 
bridge and the U.K. government's chief sci- 
ence adviser, particularly with fast-breaking 
news, such as the current threat of an avian 
influenza pandemic, in which disinforma- 
tion can cause panic. 

Greenfield is now working on a plan to 
establish a Science Peace Corps in the 
United Kingdom modeled on the U.S. Peace 
Corps. Scientists would spend a year or two 
in the developing world, broadening their 
horizons while sharing their expertise. 

Meanwhile, Greenfield, who is single, 
says she still maintains a research laboratory 
at Oxford, when she isn’t flying around the 
world to collect honorary degrees—28 so 
far—or achievement awards. Her day begins 
at 5 a.m., but still, she says, “life is too short.” 


At odds with her peers 

Widely admired by the public, Greenfield 
nevertheless gets mixed reviews from her 
scientific peers. Although she has become 
one of the United Kingdom's high profile 
“science ambassadors,” says King, she has 
taken an unusual path. “A good compari- 
son,” he says, “is Lord [Robert] May,” an 
Oxtord biologist who was also appointed to 
the House of Lords in 2001. “Everyone con- 
siders him to be one of the most important 
epidemiologists in the world, but when peo- 
ple ave asked about Susan’s background, 
they falter,” 

Greenfield’s new venture into the field 
of consciousness research 18 raising more 
hackles. Her Oxford Centre for the Science 
of Mind (OXCSOM) has reccived $2 mil- 
lion in start-up funding trom the U.S.-based 
Templeton Foundation (Science, 21 May 
1999, p. 1257), and she could reccive a 
further $10 million next year. Greenfield 
admits she has never done an experiment 
involying consciousness, although she has 
described her theory for how the activity of 
neurons creates individual minds in her 
popular books, which she describes as “the 
work | am most proud of” 

Ina nutshell, Greenfield areues that con- 
sciousness is generated by “highly transient 
asscmblics of brain cells that wax and wane 
in size, from one moment to the next!” and 
the larger the assemblies, the higher the 
level of consciousness. She uses the anal- 
ogy of a stone dropped into a pond, with 
associations hetween neurons rippling out 
from a “tigger.” 

Greenfield gave a speech ahout her idea 
at the annual meeting of the Association 


www.sciencemag.org SCIENCE VOL310 


for the Scientific Study of Consciousness, 
held at the California Institute of Technol- 
ogy (Caltech) in Pasadena in June. “It went 
extremely well,” she told Science after the 
meeting, but some in her audience painted 
a different picture. Patrick Wilken, a psy- 
chologist at Otto von Guericke University 
in Magdeburg, Germany, and one of the 


conference organizers, says people com- 
plained that Greenfield’s lecture was 
insubstantial—for example, some felt that 
“talks like this lower the perception of con- 
sciousness as a serious field of academic 
study,” Christof Koch, a Caltech neurosci- 
entist who chaired the meeting, calls 
Greenfield “an excellent public speaker” 
but says her talk had “very little science” 
and focused more on metaphors than 
testable hypotheses. 

Greenfield calls the assessment unfair 
and claims she is being “held to a different 
standard” trom others, perhaps “because Pm 
a neuroscientist and most of the others were 
cognitive scientists,” 

Wilken disagrees. A decade ago, “there 
were a number of researchers asserting [that 
they could] solye the problems of conscious- 
ness without having a great deal of data to 
back up their claims.” he says, but “things 
have moved a long way since then, and peo- 
ple who make statements like this today 
without having let their ideas ¢o through the 
normal scientific practice of peer review are 
generally ignored.” 

But Greenfield plans to get data to back 
her ideas with the help of OXCSOM, One of 
its research aims is “to test Susan’s theory.” 
says John Stein, an Oxford neurophysiolo- 
gist and one of OXCSOM’s core group of 
researchers, although “obviously we won’t 
solye the problem of consciousness in a mat- 
ter of months.” In line with the religious 
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interests of the Templeton Foundation, 
which bankrolls OXCSOM, its initial focus 
is on “the physical basis of belicts.” 

For example, Oxford neuroscientist Irene 
Tracey is investigating whether religious 
beliefs affect pain tolerance. The pain is 
delivered to volunteers in the form of heat or 
a chili paste applied to the arm. Subjects who 
identify themselves as “deeply religious” use 
rituals to cope, such as praying, whereas 
nonreligious subjects just grit their teeth. 
Meanwhile, she uses functional magnetic 
resonance imaging to observe patterns of 
brain activity during the ordeal. 

Capturing the brain’s reaction is the easier 
part of the experiment, she explains, because 
it is readily detected. But to determine “how 
deep” beliefs are or “how much” pain is 
experienced, she must rely on reports from 
the subjects themselves. That subjective 
aspect is botha pro anda con. Although it can 
make comparisons very difficult without 
carefully chosen controls, it is also “exactly 
the aspect that we're trying to figure out,” she 
says. “Pain is an incredibly flexible phenom- 


Academics sit and discuss ideas, 
but “Pd rather see my ideas 
... [make] a difference in 
people’s lives.” 

—Susan Greenfield 


cnon, depending on your perceptions, expec- 
tations, and degree of self-awareness,” all 
ingredients of consciousness, And on the 
practical end, determining the mechanisms 
that might dampen pain for a believer could 
lead to better therapies for everyone, 

Whether grappling with slippery con- 
cepts such as belicf will bring us closer to 
understanding consciousness is an open 
question. “But even if the project fails in its 
ultimate aim,” says Erik Myin, a philosopher 
of consciousness at the University of 
Antwerp, the Netherlands, it could reveal 
how to convert such “big questions” into 
ones that can be scientifically validated, 

But judging Greenfield on her own 
research may be missing the point. “She’s 
gutsy and an inspiration” to younger scicn- 
tists, says King. And among the public, 
“her ability to communicate that science Is 
tun and creative” and that “you don’t have to 
be a boring fuddyduddy wearing tweed skirts” 
is vital, says Stem, Ie says he can measure 
her impact every year in “the number of girls 
applying to do medicine or neuroscience 
who've said they’ve been enthused by Susan’s 
lectures or books.” Even if she doesn’t crack 
consciousness, he says, Greenfield has 
already made an enormous contribution. 

—JOHN BOHANNON 

John Bohannon is a writer in Berlin, Germany. 
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Ancient DNA Yields Clues to the 
Puzzle of European Origins 


DNA from prehistoric farmers adds fuel to a long-simmering debate over the ancestry of 
living Europeans; divergent male and female histories may help explain the contradictory data 


In 2000, archaeologists uncovered a well- 
preserved male skeleton at an carly farming 
site at Halberstadt, northwest of Leipzig, 
Germany. The skeleton was lying on its lett 
side, its legs and arms tightly flexed, with three 
pottery bowls buried with it. The man had 
belonged to a central European culture called 
the Linearbandkeramik (LBK), characterized 


e 


in a migration of people and their genes? Or 
was the chicf movement one of culture, as 
Paleolithic hunter-gatherers—whose ances- 
tors arrived on the continent as long as 40,000 
years agzo—adopted farming? 

Many studies over the past 2 decades have 
sought to test these hypotheses, often focus- 
ing on the DNA of modern Europeans in an 


that his farming techniques may have spread much farther than his genes. 


by large longhouses and distinctive pottery 
featuring sweeping striped designs. The LBK 
people, the first farmers known to occupy 
central Europe, arose in modern-day Iungary 
and Slovakia about 7500 years ago and within 
300 years had spread as far west as France and 
as far cast as the Ukraine. 

For decades, researchers have studied the 
LBK culture for clucs to how farming spread 
across Europe, an issue that is key to tracing 
the origins of Europe’s now 700-million- 
strong population, The archaeological cvi- 
dence shows that farming was introduced into 
Greece and southeast Europe from the Near 
East more than 8000 years ago, then spread 
west and north to the Atlantic Occan. But did 
the farmers themselves move across Europe, 


attempt to trace their heritage. Burt the data 
have been conflicting, Now, a paper on page 
1016 of this issue offers the first direct look at 
the DNA of carly farmers themsel yes, includ- 
ing a sample from the Halberstadt skeleton. 
Anthropologist Joachim Burger and graduate 
student Wolfgang I faak of Johannes Gutenberg 
University in Mainz, Germany, and their col- 
leagues found that many LBK farmers carry a 
mitochondrial DNA (mtDNA) type rarely 
found today, implying that they left little 
genctic legacy in living Europeans. The new 
data clash with some earlier studies, including 
Y chromosome analyses of living Europeans, 
which suggest that early farmers with roots in 
the Near East made a deep imprint on the 
European genome. 


Because the Y chromosome 18 inherited 
through the male line, and mtDNA is passed 
down through women, some researchers now 
think thar different genetic destinies of men 
and women could reconcile the data—and 
perhaps even the European origins debate, 
“A simple explanation for the difference is 
that indigenous hunter-gatherer females 
intermartied with [early] farmers,” says 
Alexander Bentley, an anthropologist at the 
University of Durham, U.K, 

The model of farming spread by migration, 
called demic diffusion, was formally proposed 
in 1984 by archaeologist Albert Ammerman 
and geneticist Luigi Luca Cayalli-Sforza, It 
postulates that large numbers of colonizing 
farmers spread across Europe, mating with 
some of the hunter-gatherers already there and 
displacing the rest through rapid local popula- 
tion growth. These growing populations then 
provided colonizers for still more movements 
west and north. Many early and some recent 
studies have supported the idea. For example, 
a widely cited 2002 paper by geneticist 
Lounés Chikhi of Paul Sabatier University in 
Toulouse, France, tracked Y chromosome 
variation in living Europeans and concluded 
that indigenous hunter-gatherers contributed 
less than 50% of the genes of modern Euro- 
peans; most genes, Chikhi concluded in the 
Proceedings of the National Academy of 
Sciences, came from the colonizing farmers. 

But other researchers argued that there 
was little evidence that early farmers had 
undergone the kind of explosive population 
growth required by demic diffusion. 
Archaeologist Marek Zvelebil of the Uni- 
versity of Sheffield, U.K., proposed an 
alternative model in which some coloniza- 
tion took place in certain areas—perhaps 
including the LBK region in central 
Europe—but that farming then spread 
mostly via local adoption rather than fur- 
ther movements of the original colonizers. 
A number of recent genctic studics have 
supported this model. For example, one 
study concluded that less than 25% of the 
mtDNA gene pool of modern Europeans 
could be traced to incoming early farmers 
(Science, 10 November 2000, p. 1080), 

To try to get around this stalemate, 
Burger and Maak’s team zeroed in on the 
mtDNA of ancient Europeans. The team 
tried to extract mtDNA from 37 individuals 
buried at 16 early farming sites, most from 
the LBK culture, and dated berween 7000 and 
7500 years ago. They succeeded with 24 of - 
the skeletons. Moreover, the team found that 
six of the 24 skeletons had a mtDNA yari- 
ant, called haplotype Na, that is now very 
rare worldwide. Thus an apparently wide- 
spread mtDNA yariant in carly European 
farmers has left almost no trace on living 
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Europeans, a finding the authors interpret 
as support for the cultural diffusion model. 
Indeed, proponents of cultural diffusion 
hail the results, “It really does seem that 
[carly farmers] must have left far fewer 
descendants than one might expect, given the 
apparent archaeological impact of the LBK 
at the time,” says Martin Richards of the 
University of Leeds, U.K. Agrees Zvelebil: 
“This is a very Important step forward, .,. It 
bypasses all the problems of extrapolation 
from modern DNA.” But he cautions that to 
completely prove its case, the team should 
extract ancient DNA from early farmers in 
the Near East to see if they also have high 
frequencies of the Nla haplotype, as well as 
from hunte1-gatherer skeletons in the LBK 
Tegion to see if they have low frequencies, 
Those who favor demic diffusion aren’t 
yet conyinced, however, “The authors are 
rather impatient in drawing conclusions,” 
says Cavalli-Sforza, who thinks the results 


Drug Research 


can’t he properly interpreted without know- 
ing the farmers’ Y chromosome sequences 
too. Chikhi adds that the authors have not 
entirely ruled out the possibility that today’s 
low N 1a frequencies are duc to chance loss of 
the yariant. And ancient DNA pioneer Syante 
Paabo of the Max Planck Institute for Evolu- 
tionary Anthropology in Leipzig, Germany, 
warns that ancient DNA studies of modern 
humans are notoriously unreliable hecause of 
the problem of contamination with living 
people’s DNA. “In our experience, results 
trom the majority of ancient human samples 
are irreproducible,” he says. 

All this leaves rescarchers trying to sort 
out the conflicting data. Most studies of 
mtDNA have supported the cultural diffusion 
hypothesis, whereas the Y chromosome data 
seem to favor a movement of people them- 
selves, The idea that colonizing farmers mar- 
ried loca] hunter-gatherer women might 
resolve the conflict hetween the mtDNA and 


Trying to Catch Troublemakers 
With a Metabolic Profile 


Drug discovery and toxicity research are just two areas that could benefit enormously 
from the use of new “metabonomic” techniques 


Only ong in 10 potential drug compounds ever 
makes it to market; the others are rejected as 
wither too risky or ineffective, Companies have 
dreamed of making screening processes more 
efficient—and now researchers may have a 
way to do it. They’re developing a technique 
based on “metabonomics,” using metabolic 
profiles to identify toxicities rapidly and ana- 
lyze the likely effects of unknown compounds. 
The strategy got a boost last month when sev- 
eral companies that had previously backed 
researchers at Imperial College London— 
including Bristol-Myers Squibb (BMS) and 
Pfizer—signed up to extend the work. 

Metabonomics—the study of metabolic 
changes in urine, serum, or tissue after an 
organism has been exposed to a drug or other 
stressor—is decades old in concept. But 
measurement tools have become more 
sophisticated, making it possible to analyze 
data from multiple, small samples and make 
associations at high speed. 

“Tt is a very powerful technology.” says 
Bruce Carr, director of pharmaceutical can- 
didate optimization at BMS, who has been 
collaborating with Imperial College 
researchers. Although studies suggest that 
companies already catch 90% of adverse 
effects before a drug application is submitted 
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to the U.S. Food and Drug Administration 
(FDA), he believes metabolic profiling 
might help detect them earlier hecause it 
gives a snapshot ofan organism’s 


entire physiology. 
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Y chromosome data and also explain the 
team’s results, argues Bentley. “Intermarriage 
of farmers with indigenous women would 
reduce Nla in subsequent generations,” he 
points out, Cavalli-Sforza agrees that inter- 
marriage is a possibility, noting that men may 
have mated with more than one woman and 
that the typical LBK longhouse often had 
three or four hearths. “Polygynic families are 
a very reasonable explanation” for this archi- 
tectural arrangement, he says. 

For Zvelebil, the contradictory results 
probably indicate that neither large-scale 
migrations nor cultural diffusion can 
explain everything that happened in Europe 
during the adoption of agriculture. Rather, 
he suggests, the contribution of each of 
these processes probably varied trom region 
to region: “Our prehistory was far more 
complicated and fascinating than cither of 
these models allow for” 

—MicHaeL BALTER 


The teamwork began 5 years ago when 
six pharmaccutical companies including 
BMS and researchers at Imperial College 
formed the Consortium for Metabonomic 
Toxicology (COMET). Their goal was to 
develop a database of known toxins and their 
metabolic signatures from animal tests, to 
which experimental drugs with unknown 
toxicity could be compared. Rats were dosed 
at a separate facility with more than 100 toxic 
compounds, one per animal. The Imperial 
College researchers scanned urine and 
serum samples through nuclear magnetic 


Toxic signature. The CLOUDS program creates a 
set of references based on animals’ responses 
to liver-toxic (blue) and kidney-toxic (red) 
compounds over time. 


resonance (NMR) spectroscopy 
and other technology to generate 
metabolic profiles of the animals. 

The COMET researchers then 
used a computer program they had 
developed to assess which organs 
were affected. Called Classifica- 
tion of Unknowns by Density 
Superposition (CLOUDS), the 
software compared the NMR 
data—typically a hallmark signa- 
ture of peaks corresponding to 
unknown or known metabo- 
lites—to an existing database of 
profiles. Tissue samples went to 
histology researchers for confir- 

mation of the NMR findings. Prelimi- 
nary results, published in Analytica Chimica 
Acta in 2003, demonstrated that this method 
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could group samples accurately by affected 
organ: for example, liver toxicity with up to 
77% accuracy and kidney toxicity with up to 
90% accuracy. 

More significant, however, was the pro- 
gram’s ability to crunch data taken at intervals 
in long-term studies. Researchers analyzed 
uring and scrum samples at various times 
from the moment an animal was dosed witha 
toxin through its recovery. The program used 
probability calculations to assign the effects 
seen in each animal to the most likely toxin 
class and to identify when the compound 
caused the toxicity. 

The analysis is “much more sophisti- 
cated” than any other screening tool now 
available, says Jeremy Nicholson, head of 
biological chemistry and COMET project 
director at Imperial College, because it 
can identify more simply biochemical 
changes that may cause pathology. 
(Nicholson has helped launch a spimoff in 
London to commercialize similar technol- 
ogy applied to medical diagnostics, called 
Mctabometrix.) 

Existing toxicology research methods can 
only examine toxic effects on one tissue type 
at atime. A gene-expression study, for exam- 
ple, yields data from a single time pomt ma 
single tissuc. Morcover, changes in gene 
expression may not mean a net biological 
change. The body’s homeostatic mechanisms 
may compensate by degrading or modifying 
gene transcripts. By contrast, “urine and 
plasma give the metabolic interaction of all 
tissues,” Nicholson adds. 

“Metabonomics has a big role to play in 
toxicology research,” says Ian Blan, a profes- 
sor of chemistry at the University of Pennsyl- 
vania. “Once you have a signature of toxico- 
logical response, you could use that as an 
assay for many things.” 

After the consortium published the initial 
results, each member developed its own data- 
base and technology in-house. Companies 
have been mum on details but have con- 
firmed that they are building larger databases 
against which they can compare new com- 
pounds. Several companies also employ 
metabonomics to screen animals prior to an 
experiment to ensure that they are normal. 
Researchers say the technology could also be 
applied to clinical trials to correlate drug 
response to individual metabolism. 

Drug companies aren’t the only ones 
interested in metabolic profiling. In 2003, the 
U.S. National Institutes of Health awarded 
$35 million to a consortium of 18 institutions 
to identify, characterize, and quantify human 
cellular lipid metabolites. And recently 
Nicholson formed a coalition of scientists to 
establish standards for the field. 

COMET’s success has prompted several 
companies to join COMET IT at Imperial 
College, says Nicholson. He’s heading the 


project, which is scheduled to launch this 
month. The goal this time, however, is to 
create a “multiomics” platform that com- 
bines data from many sources, including 
gene and protein arrays, to reveal bio- 
chemical mechanisms, 

That will be no easy task. Spectral data 
from a single urine sample contain thou- 
sands of peaks, the majority of which are 
unidentified metaholites. But the analytical 
tools to assign identities to the peaks are 
already emerging, says Nicholson. For 
example, his colleagues at Imperial College 
have a paper in press at daalvtical Chemistry 
describing software that can combine data 
from NMR spectroscopy and mass spec- 
trometry—similar yet complementary 
metabonomic techniques, And Nicholson 
says his colleagues have already developed 


Paleontolog 


a prototype system that integrates data from 
gene, protein, and metabolic profiles. 

But whether the technology will actually 
help make drugs safer remains to be seen, says 
David Jacohson-Kram, head of pharmacol- 
ogy and toxicology at FDA’s Office of New 
Drugs: “Technology can help to some extent, 
but perhaps our expectations are unrealistic,” 
One potential application touted by the tech- 
nology’s supporters is to metabolically profile 
drug side effects. “1s there a metaholic profile 
characteristic of suicidal ideation?”—a side 
effect of several antidepressants—Jacobson- 
Kram asks. “That’ a stretch.” 

Nevertheless, the field is young, Blair says, 
and the number of papers it is producing these 
days suggests it has begun a growth spurt. 

—GuNJAN SINHA 
Gunjan Sinha is a writer in Berlin, Germany. 


Tyrannosaurus rex Gets Sensitive 


Its supersized smell organs have been scaled back a bit, but new studies show that the 
tyrant lizard’s sensory apparatus was indeed fit for a king 


Mesa, AriIzZona— With its powerful jaws and 
serrated teeth, F-ranvrosaurus rex had fear- 
some tools for catching and eating prey. 
The lumbering carnivore also had some 
top-of-the-line sensory equipment, paleon- 
tologists reported here last month at the 
65th annual mecting of the Society of 


You can’t hide. Tyrannosaurus rex’s keen senses of smell, hearing, 
and vision helped it take down prey or snap up carrion. 


Vertebrate Paleontology (SVP). 

The new insights come from studies of 
bony clues to the brain, cars, and eyes of 
f. rex. They suggest that the “tyrant lizard 
king” had an acute sense of smell—although 
perhaps not as acute as some recent studies 
had suggested—a knack for listening as well 
as keeping its eyes fixed on 
prey, and depth perception to 
rival modern birds of prey. To 
most paleontologists, it all 
adds up to a talented predator. 
“The more we look at T. rex, 
the more sophisticated it is,” 
says Philip Currie of the Uni- 
versity of Alberta in Edmon- 
ton, Canada. 

fT. rex was first unveiled 
and named 100 years ago by 
the legendary paleontologist 
Henry Fairfield Osborn of the 
American Museum of Natural 
History in New York City. 
Ever since, 7. rex has been 
famous for its staggering 
dimensions—ranging up to 
12 meters and perhaps as 
much as 7 tons—and its 
highly modified skeleton. 
Several of those distinctive 
features, such as the shrimpy 
arms and the bone-crushing 
teeth, led some researchers to 
propose that 72 rex was prima- 
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rily a scavenger, That case was bolstered in 
1999, when computed tomography (CT) 
scans revealed that the 7 rex named Sue had 
enormous olfactory bulbs (Science, 9 June 
2000, p. 1728)—a specialization that would 
presumably have helped it catch the scent ofa 
dead dinosaur in the distance. 

To some paleontologists, the gargantuan 
olfactory bulbs were difficult to swallow. 
One group of researchers—Frangois Ther- 
rien of the Royal Tyrrell Museum of Palaeon- 
tology in Drumheller, Canada, and Farheen 
Ali and David Weishampel of the Johns Hop- 
kins University School of Medicine in Balti- 
more, Maryland—decided to see what the 
olfactory bulbs in Fyvrannosaurus’s clos- 
est living relatives, birds and croco- 
diles, could reveal about their 
long-gone cousin. 

In both groups, the olfac- 
tory bulbs rest against a 
trough on the upper part of 
the braincase and are 
bounded toward the front of 
the head by a septum. By locat- 
ing bony traces of this septum in 
T. rex braincases, Therrien and col- 
leagues could more accurately estimate 
the position of the olfactory bulbs. 
“This would have limited their size to 
no more than that of a plum,” 
Therrien says. Paleontologists 
had thought the olfactory lobes 
extended further forward inside 
the head. “I think they’re proba- 
bly right,” says Christopher 
Brochu of the University of 
Iowa in Iowa City, who had stud- 
ied Sue while at the Field Museum 
in Chicago, 

Still, Z rex did very well by its nose. 
The relative size of the bulbs—their 
width compared with the width of the 
cerebral hemispheres—was the highest of 
seven dinosaurs examined, including 
other tyrannosaurids and smaller, more 
birdlike dinosaurs, 

Therrien speculates that the acute sense of 
smell could have been used to track prey, 
locate putrefying carcasses, or help males 
patrol territory for rivals. Greg Erickson of 
Flonda State University in Tallahassee cau- 
tions that it’s not straightforward to link organ 
size to scnsory acuity, as sense of smell is also 
determined by features such as the density of 
neurons, “We need more [comparative] stud- 
igs .,. so we can make sense of this,” he says, 

In the meantime, another study described 
at the meeting matched Therricn’s results on 
the size of the olfactory bulbs. Lawrence 
Witmer and Ryan Ridgely of Ohio University 
College of Osteopathic Medicine in Athens 
put several Z rex skulls into aCT scanner. By 
examining features preserved in the skull, 
including fossilized evidence of nasal tissue 
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in front of the olfactory bulbs, Witmer found 
that the bulbs were roughly walnut-sized. 

Witmer’s study extracted clucs to other 
sensory abilities. For example, he resolved 
the hones that surrounded the so-called 
cochlear duct of the inner car, which helps 
turn sounds into nerve signals. The length of 
these bones, rela- 
tive to the over- 
all dimensions 


LP». 


ofthe skull, pe a >, 
suggests Loa he 
that 


f. rex may have had better 
hearing than other theropods did. 

The inner ear can also reveal aspects of 
an extinct animal’s posture and sense of bal- 
ance (Science, 31 October 2003, p. 770). 
Thanks to the CT scans, Witmer could 
resolye the bony labyrinth of the inner ear 
with its trio of semicircular canals, oriented 
at right angles to ong another, These once 
contained fine hairs that sensed the motion 
of fluid, helping the brain know how the 
hody was oriented and which way it was 
moving. In modern creatures, the larger the 
loop of the semicircular canals, relative to 
head size, the more agile they tend to be. 

TF. rex tumed out to haye surprisingly long 
canals, “You might not expect a large animal 
to have quick movements,” Witmer says. He 
suspects that the primary purpose of the 
canals was not gymnastics but helping 7 rex 
keep its head and eves fixed on prey, That's 
not all the canals reveal. In modern animals, 
the orientation of the lateral canal relative to 
the skull correlates with how they tend to 
hold their heads while alert. 7 rex apparently 
kept its head dipped down about 3° to 10°. 
For tall animals with long snouts, such as 
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T. rex, tilting the head downward can help 
them better see what's directly ahead. 

Kent Stevens of the University of Oregon, 
Eugene, has come to a similar conclusion 
about 7 -ex’s vision, which again places it at 
the top of its class. Ie reconstructed the 
visual abilities of 7 rex and six other preda- 
tory dinosaurs by working with sculpted 
reconstructions of their heads. After placing a 
sheet of glass in front of the busts, he stood 
eye to eye with the dinosaurs and shined a 

laser at each fake 
pupil. This allowed 
him to map onto 
the glass the 
entire area from 
which the laser 
glinted off the 
pupils, tracing 
their visual field. 


Acute. CT scans of T. rex’s 
brain (blue) reveal sizable olfac- 
tory bulbs (red arrow) and an 
inner ear (red) with long, delicate 
canals for balance and cochlear 
duct for hearing. 
— 
Y T. rex, with its 
forward-facing 
and widely 
separated 
eye sockets, 
turned out to 
have great binoc- 
ular vision and, 
likely, depth per- 
ception. When 7. rex 
dipped its head about 
10°—similar to the angle of the alert pos- 
ture that Witmer estimated—it would have 
maximized the width of its binocular ficld 
of view at 55°, as good as that of hawks, 
Stevens says. That’s not quite as good as 
those of the highly birdlike dinosaurs, such 
as Troondon, but it exceeds that of other 
adult tyrannosaurids, The research, which 
Stevens presented at an SVP meeting sev- 
cral years ago, is in press at the Journal of 
vertefrate Paleontatogy, 

To Stevens, the degree of depth percep- 
tion, hearing, and sense of smell point in one 
direction: a top predator. In contrast, Jack 
Horner of the Muscum of the Rockies in 
Bozeman, Montana, is sticking with his idea 
of where T rex got its meals. “I think this 
olfactory business is yery supportive of the 
fF. rex—as-scavenger hypothesis.” Others say 
it’s more likely that 7 rex wasn’t a picky cater, 
“If it can smell a carcass a mile away, it can 
also smell a herd of hadrosaurs from a mile 
away,” says James [opson of the University 
of Chicago in Illinois. “T don’t think it would 
have preferred one over the other 
-Erik STOKSTAD 
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The State of Africa’s Lakes 


The U.N. Environment Programme has assembled a dismaying picture of the 
degradation of Africa's 677 lakes. Last week, it introduced a new Atlas of African 
Lakes at the World Lake Conference in Nairobi, Kenya. Above, satellite images show 
Lake Songor Lagoon in Ghana, which has lost volume and biodiversity between 
1990 (left) and 2000 (right) due in part to salt mining. 


gear within the mass. They showed that 

Price's inclusion of a differential gear was 

incorrect. Bromley’s death interrupted the 

work, but in 2002, Wright started again on 
a reconstruction. 


Last month in Athens, scientists unveiled a 
working model of a mysterious instrument 
discovered a century 
ago in the ruins of a 


2000-year-old model, unveiled at the 
Greek shipwreck. Second Conference 
Found as a on Ancient Greek 
crusted bronze mass Technology in Athens, 
in the cargo of a demonstrates that 
ship that sank off the mechanism 
the island of included a complete 
Antikythera, the planetarium, showing 
instrument, dubbed the orbits, or epicycles 


the “Antikythera as the Greeks called 


Mechanism,” was 


a jumble of gears sun and moon but 

and dials encased in also the five planets 

a wooden box. known to the Greeks: 
Yale University Venus, Mars, Jupiter, 

science historian — ae Satum, and Mercury. 

Derek de Solla Price Mystery planetariumreconstructed. —_The instrument shows 

puzzled for many that intricate geared 


years over the instrument. After x-raying it, 
he concluded in 1974 that it was designed 
to compute solar and lunar cycles. 

He described some 30 bronze gears that 
required a differential turntable to 


Hellenistic technology,” says Wright. 


His complete working 


them, of not only the 


mechanisms were “an accepted element of 


Latest in Translation 


Grad student Stan Jou was mouthing 
Mandarin Chinese, but no sounds issued 
from his mouth. Instead, a robotic voice 
from a speaker spoke for him, using inputs 
from electrodes glued to his cheeks and 
throat. The words, in English or Spanish, were 
part of a press conference last week at which 
computer scientist Alex Waibel of Carnegie 
Mellon University in Pittsburgh, Pennsylva- 
nia, and others showed off their latest toys 
for speech recognition and translation. 

The electrodes on Jou’s face picked up 
movements of his 
face and throat 
muscles. Software 
turned them into 
words, which were 
then translated. 

So far, the system 
can only recognize 
about 15 phrases. 
But Waibel predicts 
that someday peo- 
ple will be able to 
have face-to-face 
conversations in 
alien tongues with- 
out the sounds of their original words 
getting in the way. 

The researchers are also developing 
goggles displaying simultaneous transla- 
tions of a talk. And they've built directed 
speakers that can pinpoint a person ina 
crowd and deliver a translation as if it were 
being whispered in the ear. Waibel's soft- 
ware for translating spoken language is 
some of the best in the world, says Satoshi 
Nakamura of the Advanced Telecommuni- 
cations Research Institute in Japan, but he 
doubts such a program will make it to the 
marketplace in this decade. 

Some of this technology could require 
more-or-less permanent attachments 
to the listener. But, says Waibel, “| think 
someday people will accept having a few 
electrodes implanted in their cheek.” 
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coordinate them—which would have been 
arevolutionary technology for the time. 

In 1989, engineer Michael Wright, now 
at Imperial College London, and Sydney 
University computer scientist Allan Bromley 
applied more advanced imaging technology 
to determine the level of each wheel and 


Britain’s Royal Society launched two polls this week—an online one for the public 
and one for scientists—on whether Einstein or Newton is “the greatest scientific 
heavyweight of all time.” Results will be announced at an “Einstein vs. Newton 


debate” in London on 23 November. 


According to Royal Society vice president Martin Taylor, the society is hoping the 
contest will inspire British students, whose interest in physics has “reached a historical low.” 
Vote at www.royalsoc.ac.uk. 
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Team effort. Virginia Tech materials scientist Brian Love and his students are helping 
the college's star running back stay in the limelight. 

On 7 October, Cedric Humes, the starting tailback on the Blacksburg university's 
undefeated and number-3-ranked football team, broke his right forearm in a game 
against Marshall University. The team’s athletic trainer, Mike Goforth, called Love 
(inset) to see if he could devise a cast better than the padded fiberglass model that 
would have left Humes unable to feel the football in his arms and increased his 
likelihood of fumbling. Love challenged his students to come up with an alternative. 
Using moldable carbon fiber plastics often used for pelvic fractures, Humes's doctors 
fashioned a brace that covered just the outside of the athlete's forearm. 

Three weeks after the injury, Humes was back on the field, carrying the ball 13 times 
without a fumble to help the Hokies to a 30-10 victory over Boston College. The splint 
is so strong, “| think you could drive a car over it,” Goforth says. Humes plans to thank 
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Love and his students with a signed game ball. 


A LIFE IN SCIENCE 


Total immersion, Nanotech 
pioneer Richard Smalley, who 
died 28 October, did not view 
any task as beneath him, says 
chemist Jim Heath of the Cali- 
fornia Institute of Technology 
in Pasadena. "Even when he 
was famous, he would sweep 
the floors if he thought it would 
help to get the science done. 
Once, somebody dropped a 
screwdriver into a huge vacuum 
chamber—the same one that 
was used for the discovery of 
Cgg. The screwdriver handle dis- 
solved in the oil [at the bottom 
of the chamber], so the cham- 
ber had to be cleaned out. [It] 


was about 10 feet [3 m] high 
and could only be accessed 
through a hole in the top. Rick 
and | had to strip down to our 
underwear and take tums hold- 
ing each other by the ankles 
and lowering the other into the 
chamber to clean it out.” 


MISCONDUCT 


Pressure to publish. A former 
postdoc who falsified images in 
a paper has been banned from 
receiving U.S. research funding 
for 3 years. The Department of 
Health and Human Services’ 
Office of Research Integrity in 
Septernber found Xiaowu Li 
guilty of scientific misconduct 
for passing off images of mouse 


AWARDS 


melanoma cells as human 
pancreatic cancer cells ina 
paper published online March 
2004 in Carcinogenesis. 

Li was working under cancer 
researcher Daniel Ramos at the 
University of California, San 
Francisco. Ramos says he was 
unaware of the publication, 
which Li wrote with a group of 
researchers in China, and was 
initially upset that he hadn't 
been asked to be a co-author. 
But once he recognized the false 
images, which were taken from 
his own lab, he contacted uni- 
versity officials. By then, Li had 
left the university to work at 
China's Southwestern Hospital 
in Chongging, where some of 
his co-authors are based. 


Ramos says the results of 
other experiments he per- 
formed with Li appear to be 
valid. He says Li told him during 
the investigation that the pres- 
sure to compile an impressive 
research record drove him to 
commit misconduct. (Science 
was unable to contact Li.) “It 
kills me,” Ramos says. “He was 
good—he didn’t need to do 
something like this.” 


NONPROFIT WORLD 


Fueling science. John Browne, 
an oil magnate with an interest 
in research, will be the next pres- 
ident of the British Association 
for the Advancement of Science. 
Now group chief executive of 
British Petroleum, Browne over- 
saw the merger of BP and Amoco 


Inspiring tales. In the quest to explore Earth and other planets, firing imag- 
inations may be as important as firing rockets. That’s why the Planetary 
Society is honoring two nonscientists at its 25th anniversary celebration this 
week: writer Ray Bradbury, who has transported readers to the planets in The 
Martian Chronicles and other works, and filmmaker James Cameron, who 
directed the blockbuster Titanic and has taken viewers for otherworldly 


tours of the ocean floors in his documentaries 
Ghosts of the Abyss and Aliens of the Deep. 

The 85-year-old Bradbury will receive the 
Thomas O. Paine Memorial Award for the Advance- 
ment of Human Exploration of Mars. Previous winners include members of 
the Mars Pathfinder and Mars Global Surveyor missions. “There was a lot of 
intelligent imagination in what he wrote,” says Wesley Huntress, president 
of the society and director of the Geophysical Laboratory of the Carnegie 
Institution of Washington, D.C., who credits Bradbury's writings for inspir- 
ing him to become a space scientist. Cameron, 51, will receive the society's 
inaugural Cosmos Award for Outstanding Public Presentation of Science. 
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in 1998 and has drawn attention 
to climate-change risks. 

Last year, he wrote that “global 
warming is real and ... we should 
start taking the small steps to 
reduce carbon dioxide emissions 
today.” (BP says it cut green- 
house gas emissions by 

10% between 1998 and 2001.) 
Browne, 57, who has an under- 
graduate degree in physics and a 
master's degree in business, will 
take the helm of the 174-year- 
old association next September, 
succeeding Frances Cairncross. 
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subject to significant bias, Authors who iden- 
tify appropriate reviewers are more likely to be 
well established in their fields than authors 
who do not, reflecting not only on the quality 
of their research but also on their ability to 
gauge whether a particular manuscript is of 
sufficient standard for a given journal. 
Furthermore. it is unsurprising that authors 
who exclude specific reviewers are mote likely 
to be successful, particularly if the reason for 
exclusion is that the potential reviewer Is a per 
ceived competitor, suggesting that the manu- 
script in question descrhes relevant and highly 
publishable research. I have no doubt that per- 
sonal prejudice has occasionally superseded 
scientific judgment in the peer-review process, 
However, like David Nordstrom, I prefer to 
believe that quality of research 1s the prevailing 
factor in the vast majority of cases. As for my 
own rejected manuscripts? In the words of 
Franklin P. Jones: “[onest criticism is hard to 
take, particularly from a relative, a friend, an 
acquaintance, or a stranger” 

DAVID F,ACKERLEY 
Department of Microbiology and Immunology, 
Stanford University, 299 Campus Drive, Stanford, 
CA 94305-5124, USA. 


IN HIS ARTICLE "SUGGESTING OR EXCLUDING 
reviewers can help get your paper pub- 
lished” (News of the Week, 23 Sept., p. 1974), 
D, Grimm examines a potential problem 
with peer review in science. When authors 
submit papers and recommend that particu- 
lar scientists either referee or be excluded 
from the pool of referees for their paper, 
their paper is (1) more likely to he accepted 
and (1i) less likely to be rejected. 
Nevertheless, there may be a bias in the 
sample of papers with suggestions of refer- 
ees. Such authors may generally be better 
researchers, suggesting that their papers 
both get published and cited at a higher rate 
than other scientists. This hypothesis could 
vasily he tested hy comparing the rates of 
citations to papers that were refereed by sci- 
entists suggested by the authors with the 
tates of citations to papers that were refereed 
by scientists chosen by the editor and cdito- 
rial board alone. If the first set of papers end 
up being cited more frequently than the 


Letters to the Editor 


Letters {~300 words) discuss material published 
in Science in the previous 6 manths or issues of 
general interest. They can be submitted 
through the Web (www.submit2science.org} or 
by regular mail (1200 New York Ave., NW, 
Washington, DC 20005, USA). Letters are not 
acknowledged upon receipt, nor are authors 
generally consulted before publication. 
Whether published in full or in part, letters are 
subject to editing for clarity and space. 


second, then the first sct are probahly more 
important and thus deserve to be accepted 
for publication at 4 higher rate, If so, the 
peerreview process is working as it should. 
But, if we find that the latter set of papers are 
cited more frequently than the former, then 
the practice of allowing authors to recom- 
mend referees should be discontinued. 

K. BRAD WRAY 
Department of Philosaphy, State University of New 
York, Oswega, 128 Piez Hall, Oswego, NY 13126, 
USA. E-mail kwray@oswego.edu 


Correcting Temperature 
Data Sets 


WE AGREE WITH C. A. MEARS AND F, J. WENTZ 
(“The effect of diurnal correction on satel- 
lite-derived lower tropospheric tempera- 
ture," Reports, 2 Sept., p. 1548; published 
online 11 Aug.) that our University of 
Alabama in Muntsyille (UAM) method of 
calculating a diurnal correction to our lower 
tropespheric (LT) temperature data (v5.1) 
introduced a spurious component. We are 
grateful that they spotted the error and have 
made the necessary adjustments. The new 
UAH LT trend (v5.2, December 1978 to 
July 2005) is 10,123 K/decade, or 0,035 
K/decade warmer than v5.1. This adjust- 
ment is within our previously published 
error margin of 0.05 K/decade (7), 

We agree with 8. C. Sherwood e¢ ai. 
(Radiosonde daytime biases and late—20th 
centiry warming,” Reports, 2 Sept., p. 1556; 
published online 11 Aug.) that there are sig- 
nificant, progressively colder biases in 
stratospheric radiosonde data, as we and oth- 
crs have noted (7, 2). We further agree that 
many daytime tadiosondes are plagued by 
spurious cooling in the troposphere as well 
(3), However, there are also instances in 
which spurious warming occurs im both day 
and night soundings, Such a circumstance is 
not properly accommodated by the day- 
minus-night (DMN)} procedure, a possibility 
mentioned hy Sherwood et af. but not specif 
ically addressed. For example, when the 
Australian/New Zealand network, prominent 
in the Southern Hemisphere in Sherwood e 
al.’s Report, switched instrumentation from 
Mark III to Vaisala RS-80, both day and night 
warmed approximately 0.4 K [(3), updated], 
with tropospheric night readings warming 
more than day readings. On the basis of this 
relative difference, the DMN method 
assumes that a correction for spurious cool- 
ing should be applied, when in fact the real 
error 1s large and of the opposite sign, 

DMN values are useful indicators for 
pointing out radiosonde changes, but they are 
often not useful in assessing magnitudes and 
in this case overestimate the trend. Further, 
the DMN-adjusted tropospheric trend for 


1958-97 of 10.253 Kédecade for the 75% of 
the globe south of 30°N is move than 2.5 
times that of the surface ( 0,092 K/decade) 
and thus very likely to he spuriously warm, 
[Note that B. D. Santer ¢f a7, (Amplification 
of surface temperature trends and variahility 
in the tropical atmosphere,” Reports, 2 Sept., 
p. 1551; published online 11 Aug.) indicate a 
ratio Ieys than 1,4.] Direct, site-hy-site com- 
parisons between radiosondes and UAH LT 
data at 26 U,S.-controlled stations (nighttime 
only) from tropics to polar latitudes yield a 
difference in trends of less than 0,03 
K/decade, showing consistency with the 
more modest UAH LT trends (/) [(3), 
updated through 2004]. 
JOHN R. CHRISTY* AND ROY W. SPENCER 
Earth System Science Center, University of 
Alabama in Huntsville, Cramer Hall, 320 Sparkman 
Drive, Huntsville, AL 35899, USA. 
*To whom correspondence should be addressed. 
E-mail: Christy@nsstc.uah.edu 
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Response 
ONCE WE REALIZED THAT THE DIURNAL COR- 
rection beg used by Christy and Spencer 
tor the lower troposphere had the opposite 
sign from their correction for the middle 
troposphere sign, we knew that something 
was amiss. Clearly, the lower troposphere 
does not warm at night and cool im the mid- 
dle of the day, We question why Christy and 
Spencer adopted an obviously wrong diur- 
nal correction in the first place, They first 
implemented it in 1998 in response to 
Wentz. and Schahel (7), which found a pre- 
yious error in their methodology: neglect- 
ing the effects of orbit decay. 

CARLA. MEARS AND FRANK J. WENTZ 
Remote Sensing Systems, 438 First Street, Suite 
200, Santa Rosa, CA 94501, USA. 


Reference 
1. F.J. Wentz, M. Schabel, Nature 394, 661 (1998). 


Response 

WE ARE HAPPY THAT CHRISTY AND SPENCER 
do not dispute our main conclusion, that 
changes in systematic error in the radiosonde 
record are comparable to expected trends. 
lfowever, their characterization of our work as 
a “DMN method” downplays the key fact that 
we have identified and quantified a source of 
error. One need not assume that nighttime 
readings are absolutely correct to recognize 
that, because they do not contain this error, 
they are less likely to differ from the truth than 
are daytime data, Any remaining errors affect- 
ing both times of day are much more difficult 
to quantify, and estimates of the magnitude 
will he sensitive to the assumptions and proce- 
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dures followed. We welcome Christy and 
Spencer’s efforts to estimate these additional 
errors and look forward to seeing details pub- 
lished as to how they arrived at the numbers 
quoted and what they found at other stations. 

There is growing evidence, however, 
that the net result of all adjustments will 
indeed lead to increased warming, contrary 
to their assertion. First, all published homog- 
enization efforts have led to increased 
warming (/—3); although weaker than what 
we found, this is probably because previous 
efforts went only after the “biggest fish” 
and/or suffered from other difficulties. 
Second, a new and independent study (4) 
strongly suggests that the spurious cooling 
trends in the stratosphere extend into the 
troposphere, in accord with our findings 
and as suggested previously (/). The impli- 
cation by Christy and Spencer that spurious 
warmings (which have been documented in 
the other studies as well) somehow com- 
pensate for daytime heating effects in the 
troposphere, but not in the stratosphere, 
will require clear support from the data and 
careful scrutiny of methods. The agreement 
noted by Christy and Spencer at U.S. sta- 
tions is encouraging but does not guaran- 
tee agreement in the Tropics [and mustn’t 
this previously reported agreement have 
been affected by the recent revision to 
their method (5)?]. 

The trend noted by Christy and Spencer 
south of 30°N is a misleading statistic that 
mixes up two parts of the globe whose situ- 
ation is very different. In the Tropics, sam- 
pling is adequate and we find a large error 
that brings the data closer to what is 
expected. South of 30°S, on the other hand, 
sampling is far from adequate, and 
radiosonde trends have always been erratic, 
with or without the relatively modest cor- 
rection implied by our work. 

Quite apart from this, it is hard to 
believe that Christy and Spencer would 
argue that a data set showing the “wrong” 
amount of warming must therefore be 
flawed. If that were a valid argument, their 
own satellite analysis would have been dis- 
carded years ago. 

STEVEN C. SHERWOOD’ AND JOHN R. LANZANTE? 
‘Department of Geology and Geophysics, Yale 
University, New Haven, CT 06520, USA. 2National 
Oceanic and Atmospheric Administration/Geo- 
physical Fluid Dynamics Laboratory, Princeton 
University, Princeton, NJ 08542, USA. 
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LETTERS 
Causation, Vioxx, 
and Legal Issues 


IN THE ARTICLE ON THE FIRST VIOXX TRIAL, 
“Vioxx verdict: too little or too much sci- 
ence?” (News Focus, 2 Sept., p. 1481), A. 
Lawler writes that one commentator 
attributed the jury’s verdict for the plain- 
tiff to the evidence about Merck covering 
up the problems with its drug. This 
occurred in a case that most observers 
thought was one of the weakest ones on 
individual causation. 

In law (as in science), causation is a 
matter independent of culpability. A drug 
may innocently cause harm, and the most 
heinous corporate actions may, through 
serendipity, not result in harm. Yet the 
Vioxx verdict appears to be a reprise of 
what occurred with the drug Bendectin and 
silicon gel breast implants, in which juries 
relied on evidence of corporate wrong- 
doing to reach verdicts that the evidence of 
causation would not justify (/, 2). 

Remarkably, the success of plaintiffs 
with juries continued in the Bendectin liti- 
gation even after the science tending to 
exonerate the drug became more robust (3). 

For the most part, courts corrected those 
errors in Bendectin (which spawned the 
famous Daubert decision, requiring federal 
judges to more aggressively screen expert 
testimony) and in breast-implant litigation. 
Merck may not benefit from the same judi- 
cial intervention. There is, after all, pretty 
good evidence that Vioxx has caused a sub- 
stantial number of heart attacks, and those 
plaintiffs are queuing up for their turn. The 
first case appears to have ridden on their 
anticipated coattails. 

MICHAEL D. GREEN 
Wake Forest University, Winston-Salem, NC 
27106, USA. 
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Illusory Statistics 


THE REPORT BY S, NEE ETAL." THE ILLUSION OF 
invariant quantities in life histories” (19 
Aug., p. 1236) demonstrates that empirical 
support for the presence of invariant ratios 
in life-history traits is based on spurious 
correlations. Unfortunately, their example 
is just one of many: Spurious correlations 
have been repeatedly raised as statistical 
proofs for concepts as varied as the ener- 
getic costs of reproduction (/), rates of 
morphological evolution (2), and estimates 
of forest biomass (3). 

The repeated and blind application of 
discredited statistics is a stumbling block to 
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the advancement of science. The mere pos- 
sibility that a statistical artefact could form 
the empirical base from which a ficld of 
evolutionary biology has grown is a sign 
that something is wrong. It is symptomatic 
of a larger issue in the biological sciences: 
To be a good biologist, you must also be a 
competent statistician, but many are not. To 
quote one viewpoint recently expressed, “If 
you can’t understand enough statistics to 
interpret the data from your own experi- 
ments, then you probably don’t deserve a 
Ph.D. in ecology” [(4), p. 49]. 

Spurious correlations in biological data 
are a commonly described phenomenon— 
Pearson first proved their existence to evo- 
lutionary biologists more than a century ago 
(5). One hundred and eight years on, Nee ef 
al, have shown that this simple statistical 
message is finally sinking in. 

ROBERT M. EWERS 
Institute of Zoology, Zoological Society of London, 
Regents Park, London NW1 4RY, UK, and 
Department of Zoology, University of Cambridge, 
Downing Street, Cambridge CB2 3EJ, UK. E-mail: 
rabert.ewers@ioz.ac.uk 
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CORRECTIONS AND CLARIFICATIONS 


News Focus: “A glass ceiling for Asian scientists?” 
by J. Mervis (28 Oct., p. 606). The article incorrectly 
implied that an invitation to Liqun Luo to join the 
program committee of the Society for Neuroscience 
came in response to a letter questioning the soci- 
ety's commitment to providing opportunities for 
Asian-American scientists. The appointment 
occurred before the letter was submitted, as part of 
the society's normal process of replacing commit- 
tee members. In addition, the article misspelled the 
first name of Irwin Levitan, who chairs the society's 
committee on committees. 


AAAS News and Notes: "2006 Annual Meeting: 
Grand Challenges, Great Opportunities” (28 Oct., 
p. 635). Two lines were missing from the the last 
paragraph in column 1 on page 635. The missing 
text is "Altogether, there will be more than 200 
symposia, lectures, seminars, and other sessions. 
For more about the program and registration, see 
www.aaasmeeting.org.” The text is correct in the 
online version. 


News of the Week: "Six women among 13 NIH 
‘Pioneers’ " (30 Sept., p. 2149). The first name of 
Pehr Harbury, chasen far the 2005 Directar’s 
Pioneer Award by the National Institutes of Health, 
was misspelled in the picture caption that accom- 
panied the story. 


Policy Forum: "Pathogen surveillance in animals” 
by T. Kuiken ef af. (9 Sept., p. 1680). In reference 
(76), part E of the figure was incorrectly attributed 
to the Australian Broadcasting Corporation; the 
photograph is from Reuters, 
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PUBLIC HEALTH 


A Vaccine Disaster and Its Fateful Shadow 


Olen Kew 


ive decades ago in Ann Arbor, Michigan, 
Thomas Francis made 4 momentous 
announcement: the polio vaccine devel- 
oped by Jonas Salk and his team worked, The 
news was hailed as one of the 


production were at the time quite limited, the 
officials had essentially no knowledge of the 
problems that Cutter and other manufacturers 
had encountered in producing polio yaccine 
lots free of infectious virus. 


greatest triumphs of science, 
medicine, and public health. 
Development of a safe and effec- 
tive polio yaccine, through the 
leadership of the National 
Foundation for Infantile Paralysis 
and its March of Dimes cam- 
paigns, reaffirmed the spirit of 
yoluntecrism in the United States 
and restored public confidence in 
vaccines following two decades 


The Cutter Incident 
How America’s 
First Polio Vaccine 
Led to the Growing 
Vaccine Crisis 
by PautA, Offit 


Yale University Press, 
New Haven, CT, 2005. 
250 pp. $27.50. ISBN 0- 
300-10864-8. 


Crucial decisions were made on 
the basis of very limited infor- 
mation. A consequential back- 
drop to these events was wide- 
spread skepticism about Sallk’s 
polio vaccine among leaders in 
the scientific community— 
skepticism fueled by a mixture 
of intense personal rivalry and 
the view that the attenuated polio 
yaccine then under development 


of disaster. Church bells rang 

throughout the Jand in celebration, and Jonas 
Salk enjoyed celchrity unprecedented for a 
medical scientist. As Paul Offit vividly 
describes in The Cutter Incident: How 
Americas First Polio Vaccine Led to the 
Growing baccine Crisis, the announcement 
came at a time of devastating polio epidemics 
that paralyzed tens of thousands of children 
each year, a time when Americans’ fear of 
polio was surpassed only by their fear of 
nuclear war, The new vaccine was promptly 
licensed, and communities were mobilized to 
deliver millions of doses to children through- 
out the country, 

Within three weeks, triumph turned to 
tragedy as reports streamed in of polio cases 
among recently immunized infants and chil- 
dren, principally from the western states. The 
clinical and epidemiologic findings clearly 
implicated the polio vaccine and narrowed 
the risk to specific lots produced hy Cutter 
Laboratories of Berkeley, California, one of 
the five American producers of the vaccine, 
In his gripping narrative, Offit (an immunel- 
ogist and pediatrician at the Children’s 
Hospital of Philadelphia and the University 
of Pennsylvania School of Medicine) 
recounts the terrible dilemma faced by public 
health officials ay they urgently sought a way 
to prevent further cases while not undermin- 
ing public confidence in the polio vaccine 
just as the peak transmission season for cir- 
culating polioviruses was beginning, 
Because the regulations governing vaccine 


The reviewer is in the Division of Viral and Rickettsial 
Diseases, Centers for Disease Control and Prevention, 
1600 Clifton Road NE, Atlanta, GA 30333, USA. E-mail: 
omk1@cde.gov 
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offered a more technically ele- 
gant, and potentially more broadly applica- 
ble, solution. In the wake of the Cutter tra- 
gedy, some leading scientists even asserted 
that Salk’s theories and methods were funda- 
mentally flawed and that production of an 
inactivated polio yaccine free of infectious 
virus was theoretically impossible, 


ina = 
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Ready for the rollout. Drawing on stockpiles of bottles 
(such as these photographed in New Jersey in January 
1955), the five manufacturers distributed more than 4.8 
million doses of polio vaccine in the first three weeks 


after the April 1955 licensing of the vaccine. 


BOOKS 


Subsequent events have vindicated the 
Salk vaccine, because many millions of doses 
were produced and administered after 1955 
without incident. The availability of an effec- 
tive polio yaccine in 1955 saved tens of thou- 
sands of children in the United States, Canada, 
and Europe from lifelong paralysis and 
demonstrated the feasibility of widespread 
immunization to control polio. Innmnization 
with the live, attenuated oral polio vaccine of 
Sabin, licensed in 1961, completed the task 
already well advanced hy use of Salk’s yac- 
cine, and the last pockets of indigenous 
poliovinus transnussion were eliminated in the 
United States by the 1970s. Building upon the 
successful elimination of polio from devel- 
oped countrics, the World Health Organization 
established the Global Polio Eradication 
Initiative in 1988 to fulfill the promise of a 
polio-free world first envisioned in 1955. In 
this global effort, the more easily administered 
Sabin vaccine has been the primary weapon 
against polio, but many countries, including 
the United States, haye returned to the Salk 
vaccine to maintain a polio-free status, 

Offit’s book is a comprehensive and readily 
comprehensible account that scamlcysly 
moves from historical narrative through tech- 
nical exposition, mystery thriller, courtroom 
drama, and legal review to social com- 
mentary. In this last aspect, Offit pres- 
ents his most compelling message: that 
the Cutter incident lies at the root of 
our current yaccing crisis, Ife recounts 
how thoughtful jurors, following a 
judge’s strict instructions, reluctantly 
found Cutter hable for financial dam- 
ages even though they believed that 
Cutter was not negligent in the produc- 
tion of polio vaccme. He then traces 
how the principle of liability without 
negligence was aggressively expanded 
in subsequent court decisions to liabil- 
ity even for the manufacture of safe 
products. Echoes of the Cutter deci- 
sion still reverberate today in the 
diminishing number of vaccine manu- 
facturers, the high prices for vaccines 
in the United States and other devel- 
oped countries, and the insufficient 
current supply of influenza vaccine as 
we face a possible pandenuc. 

The Cutter Incident offers a con- 
cise and thoroughly documented 
account (well illustrated with rare 
period photos) of a medical tragedy 
and its continuing consequences, Offit 
presents a powerful case for a far more 
enlightened approach to the develop- 
ment and use of lifesaving vaccines. 

10.1126/science.1119502 
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BOOKS ETAL. 
PHYSICS 


A Comical Look 
at Real Physics 


Sam Kean 


ames Kakalios is a physicist who knows 

how to shrink the separation between 

physics and play, While his research is 

directed toward understanding the proper- 
tics of amorphous semiconductors, he also 
investigates problems that can be grasped ata 
glance. Me has studied the “Brazil nut prob- 
lem”—why the large, heavy nuts seem to defy 
gravity and rise to the top when you shake a 
can of mixed nuts, And he has piled up sand to 
see how steep the slopes can get before the 
grains start to spill down the sides. Thus, 
it comes as no surprise that in The 
Physics of Superheroes Kakalios offers 
a droll but sincere look at what 
Superman and Spider-Man can teach 
about physics. Granting the one-time 
“miracle exceptions” that give super- 
heroes their powers in the first place, it 
turns out they can teach quite a lot. 

In the introduction, Kakalios 
describes his motivation for writing the 
book. He reports overhearing a conver- 
sation between two students after a 
physics exam that had evidently not 
gone well for them. One complained to 
the other (in the author's cleaned-up ver- 
sion), “I’m going to bleeping buy low, 
and bleeping sell high. I don’t need to 
know about no bleeping balls thrown off 
no bleeping cliffs.” Kakalios notes two 
things we can learn from this complaint: 
“the secret to financial success” and 
“that the examples used in traditional 
physics classes strike many students as 
divorced from their everyday concerns.” 

Surprisingly, when Kakalios intro- 
duced superhero-related homework, his 
students at the University of Minnesota 
stopped complaining. He found that 
problems about Magneto and the Flash 
neyer struck them as unrealistic, and 
comic books proved an excellent way to teach 
the topic, A lifelong comic-book junkie, 
Kakalios developed a freshman seminar he 
titled “Everything [ Know About Science | 
Learmed from Reading Comic Books.” The 
Physics of Superheroes builds on that popular 
course. (Disclosure: [ studied physics at 
Minnesota and had a passing acquaintance 
with the author} 

The book follows the familiar path of 
introductory college physics classes: it starts 
with Newtonian mechanics, moves to the 


The reviewer was a 2005 AAAS Mass Media Science 
and Engineering Fellow. E-mail: samkean@gmail.com 


conservation laws of cnergy and thermody- 
namics, veers into electricity and magnetism, 
and ends with the modem physics of relativ- 
ity and quantum mechanics, But the exam- 
ples for each topic spring directly from the 
comics, and the book reproduces dozens 


shred Captain America’s shield and who is 
the most physically realistic superhero (an 
easy one). 

In addition to discussing the physics, 
Kakalios often digresses into the history of 
comic hooks, where he differentiates 


of panels that depict various 
scenes, For instance, we spot the 
Man of Steel leaping over a 
building ina single bound, which 
prompts Kakalios to ask, “With 
what speed did Superman have 
to jump?” Ant-Man—a super- 
hero who shrinks to miniscule 
sizes—appears in a series of 
chapters and raises a host of interesting ques- 
tions. Would Ant-Man be able to speak or 
hear, given that his vocal cords and cardrums 
have shrunk, too? Is the scene where he 


Gotham, 


Perilous to the tiny. In Tales to Astonish #48, Ant-Man 
is helpless in a partially filled bathtub. 


punches his way out of a vacuum bag realis- 
tic, given that his tiny arms are much Jess 
powertul levers than a full-sized human’s? 
Three extra sections follow the main 
text. The first offers a list of cases where 
comic books clearly got their physics 
wrong—tor instance, according to New- 
tonian action and reaction, the power beams 
from Cyclops’s glasses should snap his 
head violently backward, but they never do. 
The second presents a fanly typical paean 
about the joy and clegant power of science 
to study the world. In the third, “Ask Dr. K.” 
Kakalios provides the final word on such 
questions as whether Wolverine’s claws can 


The Physics of 
Superheroes 
by James Kakalios 
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between the golden age (1940s) 
and the silver age (late 1950s and 
1960s). Ie also outlines some 
famous comic-book debates. For 
instance, when the Green Goblin 
pushed Gwen Stacy offa bridge, 
what actually killed her? The fall 
or Spider-Man’s attempt to stop 
his girlfriend’s descent too 
quickly? (Kakalios blames Spider-Man,) As 
someone whe has never read a comic book in 
his life, [ found these asides a diverting 
respite fiom the science. 

Kakalios infuses the book with humor. 
He has let in some real groaners, but noth- 
ing worse than can be expected from the 
worlds of science fiction and comic books. 
More troubling are his lapses into dense and 
unfriendly prose. Unfortunately, more than 
a few passages read like the following: 
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In this situation a force will be applied 
to the charges in the moving wire that will 
induce them to flow. By dragging the wire 
through the external magnetic field, we 
convert the physical energy involved in 
moving the wire into a form of electrical 
energy manifested by the electrical current. 


This reminded me of classical Greek 
texts on geometry or physics, which contain 
statements like, “As is the ratio of the whole 
to twice the whole, so is the ratio of that 
double to four times the whole.” If you 
already know what the passage is talking 
about—!/, = ?/;—then the wording seems 
quite clear. But if the material is unfamiliar, 
the text is obscure. Similarly, those with a 
technical background can skim Kakalios’s 
dense passages as a refresher, but neophytes 
may be left with a headache. Kakalios 
intended the book for general readers. He 
should be commended for avoiding too 
many cquations; nonetheless, there are still 
a few dizzying pages. 

The trouble spots, however, only occa- 
sionally cloud the author’s entertaining 
account. Most of his explanations are lucid 
and smooth. In the end, Kakalios demon- 
strates that if one suspends belief and 
accepts that radioactive spiders or mutant 
arch-criminals exist, much of the physics in 
comic books is surprisingly reliable. From 
Newtonian mechanics to the quantum 
world, comic-book authors generally know 
what they’re talking about. And with The 
Physics of Superheroes as a guide, now so 
will their readers, 

10,1126/science.1121863 
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SCIENCE AND LAW 


WMD Sensors— 
Search and Seizure 


Bon Prosnitz 


n Il June 2001, the Supreme Court 
O« in Kilo v. Gaited States (£) that 

law enforcement’s warrantless view- 
ing ofa private residence with advanced sense- 
enhancing technology, an infrared camera, 
was unconstitutional. The Fourth Amendment 
states, “[T]he right of the people to be secure in 
their persons, houses, papers, and effects, 
against unreasonable searches and seizures, 
shall not be violated, and no Warrants shall 
issuc, but upon probable cause..." Three 
months later, terrorists attacked the Would 
Trade Center and Pentagon, The next month, 
anthrax was mailed to members of Congress. 
The science and technical community was 
mohilized to design and deploy advanced sen- 
sors not in general public use capable of 
detecting chemical, biological, and nuclear 
weapons. Virtually all operational scenarios 
for detecting weapons of mass destruction 
(WMDs) preclude obtaining either prior con- 
sent for a search or a warrant. 

Terrorists and WMDs will be with us for 
the foreseeable furure. New technology to 
combat these threats should not be devel- 
oped in a legal vacuum. Balancing security 
and civil liberties is a shared burden. Courts, 
legislatures, citizens, and the technical com- 
munity must all participate. 

In light of Ay-ffo, how can searching for 
WMDs be made compatible with the Fourth 
Amendment? A search meant physical tres- 
pass until 1967, when the Supreme Court held 
that the Constitution protects people, not 
places, and that the government may not vio- 
late an individual’s reasonable expectation of 
privacy. When defining a reasonable expecta- 
tion of privacy, the Court has considered the 
location of a search (homes are the most invi- 
olate), activity revealed by the search [inti- 
imate details are inherently private (2)], if 
proactive actions were taken to protect pri- 
vacy, the objective of the search [there is no 
expectation of privacy in contraband (3, 4)], 
and technologies used to conduct the scarch 
[there may be an expectation of privacy if a 
sensor is not in general public use (5)]- 

Detaming or even delaying an individual 
by conducting a WMD search ata roadblock 
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is a seizure. An individual or possessions 
may be scized without a warrant given rea- 
sonable, articulable suspicion of criminal 
activity, but undue delay [e.g., 90 minutes to 
locate a drug-snitting dog to justify proba- 
ble cause (4}] may lead to a later determina- 
tion that the scizure was unreasonable, 

To permit suspicionless, random seizures 
(c.g., highway checkpoints), courts have bal- 
anced (i} the gravity of public concem served 
by the seizure, (il) the effectiveness of the 
scizure in advancing the public interest, and 
(iil) the severity of mterference with individ- 
ual liberty (6). The threat of WMDs may he so 
great that it will trump all other factors, Mow- 
ever, at least one court held that a “yellow 
alert” is not enough to justify nonspecific 
searches (7}. Because quantitatively measur- 
ing deterrence against terrorism is problem- 
atic, judgments about effectiveness will likely 
remain with government officials and will be 
adjudicated by the courts, Interfering with 
individual liberties is usually interpreted to 
mean the length of seizure, extent of physical 
intrusion, intimate details revealed, area 
searched, and public humiliation. 

Developers of WMD detectors cannot 
anticipate future court decisions, but they 
can apply four criteria to address traditional 
constitutional limits: 

Sensor discretion is crucial. A nonintru- 
sive detector that only discloses contraband 
has the best chance of being ruled permissi- 
ble. Although Justice John Paul Stevens pre- 
dicted that even the “perfectly discriminating 
mechanical sensor” would be prohibited by 
the Kvifo decision (8), the capability of the 
infrared camera most offensive to the Court 
was Its potential to reveal lawful, intimate 
activities inside a home. Recently, a search 
dog sniffing outside a private residence was 
ruled admissible only because “...it did not 
explore the details of a house... and can do 
no more than reveal the presence or absence 
of contraband.” (9}. Portable mass spectrom- 
eters are being developed to detect and iden- 
tify chemical and perhaps biological 
weapons. Would such a sensor that reveals 
all the volatile chemical substances in a resi- 
dence be ruled acceptable? 

To he truly effective, next-generation 
detection systems must be able to process all 
available signals—spectral, spatial, chem- 


cal, nuclear, and electromagnetic—but 
reveal no information except the presence or 
absence of contrahand. Systems designed to 
support arms control and treaty verification 
include information barricrs to meet similar 
requirements. Inspectors must confirm the 
presence of Special Nuclear Material in 
warheads being dismantled without reveal- 
ing classified design information. 

Performance must be well documented, 
Test data might be required to justify prob- 
able cause for a search. The issue of error 
rates will certainly surface. Justice David 
Souter’s dissent in Jfirvis v. Cabulles (in 
which the Court ruled that a dog sniff with- 
out articulable suspicion was permissible) 
stated that the decision in United States y, 
Place to allow dog sniffs was based on an 
untenable assumption “...that dogs do not 
err.” (79). Designers must carefully charac- 
terize their systems to demonstrate overall 
effectiveness and specificity for contra- 
band. If the systems have information barti- 
cers, then intermediate results that would 
normally confirm proper operation will not 
be available. Appropriate tests will have to 
be designed and used frequently. 

Sensor deplovment must be demonstra- 
Aty effective. This is a matter for operations 
resvarch and deterrence theory. 

Sensors must be readily availabic. 
Unduly detaining or seizing an individual 
or belongings may be impermissible. 
Inexpensive, portable detectors along with 
widely networked communication systems 
can give law enforcement officers immedi- 
ate access to information, enabling quick 
resolution of seizures. 

If scientists and engineers understand the 
perspective taken by courts in the past, they 
will stand a much better chance of providing 
technical solutions that will balance the 
Fourth Amendment and civil liberties against 
the modern realities of terrorist threats. 
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EVOLUTION 


PERSPECTIVES 


The Tree-Thinking Challenge 


David A, Baum, Stacey DeWitt Smith, Samuel S$. 8, Donovan 


he central claim of the theery of evo- 
T as laid out in 1859 by Charles 

Darwin in The Origin of Species is 
that living species, despite their diversity in 
form and way of life, are the products of 
descent (with modification) from common 
ancestors. To communicate this idea, 
Darwin developed the metaphor of the 
“tree of life.” In this comparison, living 
species trace hack ward in time to common 
ancestors in the same way that separate 
twigs on a tree trace back to the same major 
branches, Coincident with improved meth- 
ods for uncovering evolutionary 
telationships, cyolutionary trees, 
or phylogenies, have become an 
essential clement of modem biol- 
ogy (/), Consider the case of 
HIV/AIDS, where phylogenies 
have heen used to identify the 
source of the virus, to date the 
onset of the epidemic, to detect 
viral recombination, to track viral 
evolution within a patient, and to 
identify modes of potential trans- 
mission (2). Phylogenetic analysis 
was even used to solve a murder 
case involving HIV (3). Yet “tree 
thinking” remains widely prac- 
ticed only by professional cyolu- 
tionary biologists. This is a partic- 
ular cause for concern at a time 
when the teaching of evolution is 
being challenged, because evolutionary 
trees serve not only as tools for biological 
researchers across disciplines but also as 
the main framework within which evidence 
for evolution is evaluated (4, 5). 

At the outsct, it is important to clarify 
that tree thinking docs not necessarily 
entail knowing how phylogenies are 
inferred by practicing systematists, Anyone 
who has looked into phylogenetics from 
outside the ficld of evolutionary biology 
knows that it is complex and rapidly chang- 
ing, replete with a dense statistical litera- 
ture, impassioned philosophical dchates, 
and an abundance of highly technical com- 
puter programs, Fortunately, one can inter- 
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pret trees and use them for organizing 
knowledge of biodiversity without know- 
ing the details of phylogenetic inference. 
The reverse is, however, not true. One can- 
not really understand phylogenetics if one 
is not clear what an evolutionary tree Is. 
The preferred interpretation of a phylo- 
genetic tree is as a depiction of lincs of 
descent. That is, trees communicate the 
evolutionary relationships among ele- 
ments, such as genes or species, that con- 
nect a sample of branch tips. Under this 
interpretation, the nodes (branching points) 


¥ 


on a tree are taken to correspond to actual 
biological entitics that existed in the past: 
ancestral populations or ancestral genes. 
However, tree diagrams are also used in 
many nonevolutionary contexts, which can 
cause confusion. For example, trees can 
depict the clustering of genes on the basis 
of their expression profiles from microar- 
rays, or the clustering of ecological com- 
munities by species composition. The 
prevalence of such cluster diagrams may 
explain why phylogenetic trees are often 
misinterpreted as depictions of the similar- 
ity among the branch tips, Phylogenetic 
trees show historical relationships, not sim- 
iaritics. Although closely related species 
tend to be similar to one another, this is not 
necessarily the case if the rate of evolution 
is not uniform: Crocodiles are more closely 
related to birds than they are to lizards, even 
though crocodiles are indisputahly more 
similar in external appearance to lizards. 


But what does it mean to be “more 
closely related”? Relatedness should be 
understood in terms of common ancestry 
the more recently species share a common 
ancestor, the more closely related they are, 
This can be seen by reference to pedigrees: 
You are more closcly related to your first 
cousin than to your second cousin because 
your last common ancestor with your first 
cousin lived two gencrations ago (grand- 
parents), whereas your last common ances- 
tor with your second cousin lived three 
generations ago (great-grandparents), 
Nonetheless, many introductory students 
and even professionals do not find it casy to 
read a tree diagram as a depiction of evolu- 
tionary relationships. For example, when 
presented with a particular phylogenetic 
tree (see the figure, left}, people often er1o- 


Which phylogenetic tree is accurate? On the basis of the tree on the left, is the frog more closely related to 
the fish or the human? Does the tree on the right change your mind? See the text for how the common ances- 
tors (x and y) indicate relatedness. 


neously conclude that a frog is more closely 
related to a fish than to a human. A frog is 
actually more closely related to a human 
than to a fish because the last common 
ancestor of a frog and a human (see the fig- 
ure, label x} is a descendant of the last com- 
mon ancestor of a frog and a fish (see the 
figure, label y), and thus lived more 
recently. [To evaluate your tree-thinking 
skills, take the quizzes (6)). 

Why are trees liable to misinterpreta- 
tion? Some evolutionary biologists have 
proposed that nonspcecialists are prone to 
read trees along the tips (/, 7}, which in this 
case yields an ordered sequence trom fish 
to frogs and ultimately to humans. This 
incorrect way to read a phylogeny may 
explain the widely held but erroneous view 
that evolution is a linear progression from 
primitive to advanced specics (8), even 
though a moment's reflection will reveal 
that a living frog cannot be the ancestor of 
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a living human. The correct way to read a tree 
is as a set of hierarchically nested groups, 
known as clades. In this example, there are 
three meaningful clades: human-mousc, 
human-mouse-lizard, and human-mouse- 
lizard-trog, The difference between reading 
branch tips and reading clades becomes 
apparent if the branches are rotated so that 
the tip order is changed (see the figure, 
right}. Although the order across the branch 
tips is different, the branching pattern of cvo- 
lutionary descent and clade composition is 
identical, A focus on clade structure helps to 
emphasize that there is no single, lear nar- 
rative of evolutionary progress (/, 7}. 

There are other problems in reading rela- 
tionships from trees (9}. For example, there 
is 4 common assumption that trait evolution 
happens only at nodes. But nodes simply 
represent places where populations became 
genetically isolated, permitting them to 
accumulate differences in their subsequent 
evolution, Similarly, living species may he 
mistakenly projected backward to occupy 
internal nodes of a tree, But it is Incorrect to 
read a tree as saying that humans descended 
from mice when all that is implied is that 


humans and mice shared 4 common ances- 
tor. Thus, for all its importance, tree think- 
ing is fraught with challenges. 

Tree thinking belongs alongside natural 
selection as a major theme in evolution 
training, Further, trees could he used 
throughout biological training as an effi- 
cient way to present information on the dis- 
tribution of traits among species, To this 
end, what is needed are more resources: 
computer programs (7), educational strate- 
gies (/f, {2}, and accessible presentations 
of current phylogenctic knowledge (73-75), 

Phylogenetic trees are the most direct rep- 
resentation of the principle of common 
ancestry—the very core of evolutionary 
theory—and thus they must find a more 
prominent place in the gencral public's under- 
standing of evolution. As philosopher of sci- 
ence Robert O'Hara (/6) stated, “just as 
beginning students in geography need to be 
taught how to read maps, so beginning stu- 
dents in biology should be taught how to read 
trees and to understand what trees communi- 
cate” Among other benefits, as the concept of 
tree thinking becomes better understood hy 
those in the sciences, we can hope thata wider 


segment of society will come to appreciate the 
overwhelming evidence for common ancestry 
and the scientific rigor of evolutionary hiology, 
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CHEMISTRY 


Following the Flow of Energy 
in Biomolecules 


Paul M. Champion 


ome biological molecules, such as those 

in visual or photosynthetic systems, 

have evolved to efficiently convert 
energy from one form to another, How do 
these molecules channel energy rapidly and 
efficiently so that useful work can be per- 
formed without this energy being dissipated 
ineffectively into the surroundings? 
Dissipation of molecular vibrational excita- 
tion energy typically takes place on picosec- 
ond time scales, so biological molecules must 
be able to channel energy rapidly and cffi- 
ciently if they ave to be able to direct itin ase- 
ful manner, In biological systems excited hy 
light, the nonradiative electronic transitions 
can occur on time scales (<< 10 !? ps) that are 
even faster than vibrational energy dissipation 
(£3), hinting at how nature solves the problem 
of directing energy flow. On page 1006 of this 
issue, Kukura ef af, (4) take an important step 
forward in defining the process of directed 
energy flow in the visual pigment rhodopsin. 
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Photoexcited biological molecules offer 
4 unique opportunity to monitor the evelu- 
tion of excitation energy as it transforms a 
reactant molecule into its final products, 
With the advent of appropriate femtosec- 
ond laser techniques (5). it has become pos- 
sible to examine the underlying dynamics 
of the elementary vibrational and electronic 
excitations that guide the structural changes 
and, ultimately, the fiinction of a variety of 
biomolecules (6-8). The work presented by 
Kukura et af. enhances our ability to moni- 
tor rapid structural changes in such mole- 
cules by introducing the technique of fem- 
tosecond stimulated Raman spectroscopy 
(FSRS), In their report, Kukura ez af. follow 
the evolution of the retinal chromophore as 
it is excited to photorhodopsin and decays 
into bathorhedopsin, all within the first 
picosecond of the visual process. They do 
this hy taking advantage of the broad spec- 
tral bandwidth of their probe pulse to obtain 
very high quality time-resolved stimulated 
Raman spectra over the range of 600 to 
2000 cm", 

Ifow docs this experiment generate 
ultrafast time resolution, as well as the high 


spectral resolution associated with Raman 
spectra, without violating the uncertainty 
principle? Although not emphasized in the 
report by Kukura ef a/., these authors are 
fully aware (9} that the underlying time 
scale for the generation of the Raman pho- 
ton is dictated by the dephasing time of the 
coherence hetween the initial and final 
vibrational levels of the material undergo- 
ing the Raman process. A typical time scale 
for the vibrational dephasing time is on the 
order of 10-'* s, which translates to a 10 
em7! Raman bandwidth, This means that 
the FSRS experiment reads out Raman 
radiation trom the sample that is averaged 
oyer its vibrational dephasing time window 
(that is, the stimulated Raman signals con- 
tinue to appear at the detector, even after the 
probe pulse has passed through the sam- 
ple). Thus, there is no violation of the 
uncertainty principle. However, being able 
to control the “gating” of the Raman coher- 
ence hy changing the time delay between 
the photochemical pump and the broadband 
probe allows the dephasing time window to 
be moved so that rapid structural dynamics 
can be monitored. Changes in the vibra- 
tional trequencies that take place within the 
dephasing time window affect the FSRS 
lineshape, and the authors have done a con- 
vineing job of simulating these lineshape 
changes as shown in the supporting online 
material of their paper. 

A key conclusion of the work on 
thodopsin is that low-symmetry hydrogen 
out-of-plane (HOOP) wagging motions 
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allow the system to evolve 
extremely rapidly (~200 fs) onto 
the ground-state electronic sut- 
face of the product, where much 
of the ensuing structural change 
of the retinal chromophore (the 
cls to trans isomerization) actu- 
ally takes place. This is a para- 
digm shift from the usual 
description of retinal isomeriza- 
tion reactions, where the elcec- 
tronic and nuclear structures are 
often taken to evolve together in 
time within a one-dimensional 
reaction coordinate mode] that 
involves multiple intermediate 
states. In contrast, a very rapid 
transition to the electronic 
ground state of the product leads 
to an bmpulsive nuclear response 
composed of those vibrational 
motions that are coupled to the 
electronic state changes (those 
nuclei that feel forces due to the 
change in the electron distribu- 
tion are said to he “coupled”). 
Because these electronic forces 
are associated with the product 
electron distribution, they natu- 
tally direct the nuclei toward the 
final product structure with high 
efficiency following the rapid 
electronic transition, Inter- 
mediates on such a pathway are 
simply a measure of the progress 
of the structural part of the reac- 
tion on the product ground-state 
electronic surface. 

Similar conclusions have 
been reached in femtosecond 
coherence studicy of diatomic 
ligand dissociation from heme 
proteins (7, 70}. These studics 
show that it is the ultrafast tran- 
sitions of the iron glectrons that 
trigger and direct the resulting 
nuclear motion of the heme on 
its ground-state photoproduct 
electronic surface. The surface 
crossing “scam” for dissocia- 
tion, shown in the top panel of 
the figure, is where the elec- 
tronic part of the reaction takes 
place. The crossing seam is 
analogous to the conical inter- 
section (//) mentioned by 
Kukura ef a/., where HOOP 
modes couple the ground- and 
excited-state electronic sur- 
faces, It remains unclear pre- 
cisely what mediates the highly 
efficient coupling between the 
electronic surfaces in the heme 
system, but spin-orbit coupling, 
as well ay coupling by out-of- 
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Good vibrations. (Top) A top-down view of the intersection of the initial 
photoexcited-state electronic surface (thin tan contour lines) of the heme 
in ligated myoglobin (labeled MbL*) and the photoproduct ground-state 
electronic surface (labeled Mb). After photoexcitation of the a-electrons 
of the heme chromophore (yellow region), the iron d-electrons rapidly 
reconfigure within their localized orbitals and go from a spin of 5 = 0 in 
MbL* to § = 2 in Mb. This exerts strong local forces on the nuclei surround- 
ing the iron atom that move the system along the coordinate(s) g. The sim- 
plified picture depicts the photodissociation of the diatomic ligand (blue 
circles labeled L) along the iron-ligand coordinate r, as well as the coupling 
of the reaction to other chromophore and/or protein modes labeled q. The 
ensuing coherent vibrations of the reaction-coupled q-modes are specific 
to the ground state and appear within 100 fs of the photochemical pump 
(7, 70). (Bottom) The thermally activated reverse reaction as the ligand 
binds to the heme along the ground-state electronic surface. The diatomic 
ligand is “trapped” by electronic coupling to nuclear coordinate(s) ¢ when 
the period (T,) for the return to the binding seam is longer than the time it 
takes to dissipate vibrational energy. 
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plane heme-ligand stretching and 
bending modes, are likely candi- 
dates. 

Electron-nuclear coupling also 
plays an important role in ther- 
mally driven ground-state reac- 
tions (see the hottom panel of the 
figure, left). After the system 
accumulates enough thermal 
energy to surmount the energy 
harrier at the crossing scam, the 
forces of the electronic state 
change will guide the nuclear 
motion along g, When the yibra- 
tional period (t,) of mode g is 
longer than ~I ps, the system 
loses enough vibrational energy 
before returning back to the cross- 
ing seam that it becomes trapped 
in the bound state. Without the 
reaction coupling to g, the system 
would rapidly (within the ~60-fs 
iron-ligand vibrational period) 
return to the crossing scam along # 
with enough energy to escape 
trom the hound-state region, The 
electron-nuclear coupling of ¢ 
gives the biological system the 
time it needs to dissipate energy 
within the bound-state region so 
that the efficiency of the binding 
reaction is optimized. 

As a result of these studies, a 
scenario for directed energy 
transport is emerging in which 
hiomolecules have cvolved to 
make use of the fact that electrons 
are light and fast, whereas nuclei 
are heavy and slow. For ground- 
state reactions, the modes trig- 
gered by the clectronic¢ forees can 
help to trap the system in the 
desired clectronic state. For 
photoexcited states, the fast elec- 
tronic decay (mediated by motion 
along specific modes of appropri- 
ate symmetry and frequency) 
takes place hefore excess energy 
can escape to the surroundings, 
and this triggers highly specific 
electronic forces on the nearby 
nuclei when the electrons change 
state, Probably there is a correla- 
tion between the localization of 
the electronic state change and 
the specificity and efficiency of 
the nuclear (that is, structural) 
response in the associated reac- 
tion. In the event that the elec- 
tronic transition is more delocal- 
ized, and therefore structurally 
less specific, the surrounding 
protein conformation may be 
called upon to act as a restraining 
lattice that helps to direct the elec- 
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tronic forces so that the structural part of the 
chromophore reaction is guided to the desired 
outcome. In tum, this can sct up action-reac- 
tion forces on the prot that lead to specific 
and desired conformational changes extend- 
ing over the much longer length and time 
scales necessary for the proper function of 
larger biological assemblics. 
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The Photosynthesis “Oxygen 
Clock” Gets a New Number 


James E. Penner-Hahn and Charles F. Yocum 


devoted to solar energy conversion, 

artificial solar systems still capture 
only a trivial amount of energy compared 
with the amount captured by plants, green 
algae, and cyanohacteria through photo- 
synthesis. On page 1019 of this issue, 
Haumann e: af. (7) provide new insight into 
the mechanism of biological solar energy 
conversion. Using time-resolved spec- 
troscopy to analyze the dynamical 
processes of photosystem II, they 
identify an important intermedi- 
ate step in oxygen evolution. 
More generally, this demonstra- 


D=: decades of engineering effort 


as the watcr-oxidizing complex), a MnyCa 
cluster that is the site of oxygen-oxygen 
bond formation, This is the rate-limiting 
chemical step in water oxidation. Recently, 
several crystal structures have begun to elu- 
cidate the structural organization of photo- 
system II, suggesting possible arrangements 
of the Mn and (a ions (2-4). However, 
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tion that time-resolved struc- - oS 8, SOY, 
tural data can be measured for 

the metal site in a dilute yen Cuvgai 

enzyme on time scales as short ” 

as 10 us opens the door to (Se sv 
more detailed characterization 1.1 ms . 


of biochemical kinetics of 
other metalloenzymes. 

Photosynthesis converts solar 
energy into chemical energy with 
nearly 100% efficiency and negligi- 
ble toxic by-products. At the heart of 
photosynthetic energy transduction is a 
multipolypeptide complex called photo- 
system 11, which catalyzes the oxidation of 
water, splitting it into clectrons and oxy- 
gen. The former product is used in the 
dark-reactions of photosynthesis to reduce 
carbon dioxide to the carbohydrates. This 
ultimately supplies food that is consumed 
by the rest of the biosphere. The latter 
product is the source of Earth’s oxygen- 
tich atmosphere, 

The catalytic center of photosystem II is 
the oxygen-cyolving complex (also known 
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because of the low resolution of these data 
[positional uncertainties (5) ~1 to 1.5 AJ and 
the sensitivity of the crystals to radiation 
damage (6), detailed mechanistic questions 
regarding the chemistry of oxygen forma- 
tion have had to rely on spectroscopic meas- 
urements. (Spectroscopy, unlike most crys- 
tallocraphy, allows the system to be followed 
as it gocs through its catalytic paces.) Almost 
all of the available wavelengths of light, fom 
infrared to microwave and visible to x-ray, 
have been used to study photosystem II. 
Although each has provided a piece of mfor- 
mation about the steps in the catalytic cycle 
of the oxygen-evolving complex, only 
microwaves (electron paramagnetic reso- 
nance) and x-rays (x-ray absorption spec- 
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troscopy) have been used successfully as 
specific probes of the catalytic site, and only 
x-ray absorption spectroscopy can be used to 
study each of the different oxidation states. 
The basic mechanism of photosynthetic 
water oxidation has been known for nearly 
40 years, since the discovery that oxygen Is 
evolved after every fourth flash of light (7), 
This has implied that there must be at least 
five different states of the complex that are 
converted cyclically, known as the classical 
Kok cycle (8) (see the figure, inner circle}. 
The five states are named Sy to Sy. with the 
subscript indicating the number of oxidiz- 
ing equivalents that are stored in the entire 
oxygen-evolving complex. Ithas since been 
recognized that this advancement of S 


Mechanism of photosynthetic oxygen evolu- 
tion. (Inner circle) Classical Kok cycle, showing 
five kinetically resolvable S states (S) of the 
manganese cluster of the oxygenic photosyn- 
thetic photosystem II reaction center. Red 
arrows indicate light-driven oxidation steps and 
black arrows indicate chemical steps. (Outer 
circle) Modern description of the Kok cycle, dis- 
tinguishing between light-driven oxidation of a 
tyrosine cofactor by chlorophyll (red arrows) 
and kinetically resolvable chemical oxidations 
(black arrows). The rate constants of each 
chemical oxidation step (7) show that the x-ray 
absorption “edge” energy for the S, state (yel- 
low box) is the same as that for S3, suggesting 
that the Mn oxidation state is the same in S; 
and S,. The putative S, state (green) may exist 
as a discrete species, or may simply represent a 
transition state between S, and the generation 
of the S, state and oxygen. 


states Involves initial oxidation of a chloro- 
phyll dimer (Pggg), which in turn oxidizes a 
tyrosine cofactor, Y;, that is adjacent to the 
manganese cluster. In this model (see the 
figure, outer circle), the S-state nomencla- 
ture now refers specifically to the man- 
ganese oxidation state, and the tyrosine Is 
denoted as Y; or Y,‘". 

The oxygen-evolving complex can he 
converted exclusively to the §, state by 
storage in the dark, and the Sp, S», and S; 
states can be tapped in high yield through 
various physical and chemical manipula- 


until recently the S$, state has proven refrac- 
tory, and this has limited efforts to under- 
stand the details of water oxidation. In pat- 
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ticular, it was unclear whether “S,” existed 
as a discrete chemical intermediate, or 
whether it might simply represent a transi- 
tion state containing $; with an oxidized 
tyrosine (S;Y;,°*). The latter would imply 
an intimate role for Y2™ in water oxidation, 
perhaps through hydrogen-atom transfer 
(9). In contrast, if S, exists as a discrete 
intermediate, then 4 range of mechanisms 
for the terminal reaction preceding oxygen 
formation are possible. A subtle delay in 
oxygen release relative to Y;* reduction 
(40, ££) hinted that S$, might exist as a dis- 
crete intermediate rather than simply being 
a transition state between $, and S,. This 
conclusion was strengthened by a recent 
experiment showing that if one increases 
the partial pressure of oxygen on photosys- 
tem IT, water oxidation is blocked at S:, 
This suggests that increasing oxygen con- 
centration shifts the equilibrium trom S, 
oxygen to 8; (£2). 

Ifaumann et af, (7) used a conceptually 
straightforward hut experimentally chal- 
lengmg “pump-probe” time-resolved x-ray 
spectroscopy experiment to obtain direct 
structural evidence for an S, state. To appre- 
clate the difficulty of this approach, it is 
important to remember that even “simple” 
static x-ray absorption spectroscopy of pho- 
tosystem 11 is challenging because of the 
intrinsically low Mn concentration. The 
present measurements would have been 
impossible without the high-brightness 
third-generation synchrotron sources that 
provide higher x-ray flux, Kinetic traces (7) 
show clearly that the $, 8, and 8.8, 
steps have very similar transient behavior, 
although the latter is somewhat slower. This 
finding is important because of the contimu- 
ing controversy over whether Mn has been 
oxidized during the S:—S, transition (/3). 
The Haumann ef af. data provide further 
support for the growimg consensus that Mn 
is oxidized during both the $8, 
and S$; transitions. In contrast, 
the kinetic transient for the 
$3 Sg transition is distinct, with 
a 250-us lag phase followed by a 
slow |.1-ms transicnt phase, The latter 
phase is of opposite sign, representing Mn 
reduction to the S, state, and corresponds to 
the observed rate of oxygen release and 
reduction of Y,/*, The former, more rapid 
phase provides direct evidence for the exis- 
tence of a discrete S, intermediate state. 

The lag phase indicates that the 8; and Sy 
states have similar x-ray absorption spectra 
and rules out several possible mechanisms 
for oxygen evolution, There has been wide- 
spread speculation that water oxidation 
might use a mangany! (Mn=Q) species as 
the oxidant (9), This possibility was 
recently ruled out for $3 (/4). The present 
work by [aumann er af. extends this exclu- 
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sion to Sy because neither the S$; nor S, state 
shows an intense transition on the low- 
energy side of the x-ray absorption “edge” 
(this is the abrupt increase in x-ray absorp- 
tion cross section that occurs when the x-ray 
energy matches the binding energy of the 
Mn Is clectron), Such “pre-edge” transi- 
tions are the spectroscopic signature of man- 
ganyl species (74). Alternatively, the high- 
pressure oxygen studies (£2) were inter- 
preted in terms of an S> state with an associ- 
ated H,O, molecule for “S,.” This too is now 
excluded, because the Mn would be reduced 
in this state, relative to the previous 8, state. 

Haumann ef a/. (£) favor a model in 
which “S,” contains $:Y2"*, That is, the 
fowth oxidizing equivalent in the water oxi- 
dation cycle resides on the tyrosine cofac- 
tor, On the basis of the positive reaction 
entropy and the equilibrium isotope effect 
for S$, formation, they suggest that the 250- 
us lag phase represents the lifetime for pro- 
ton release from an intermediate chemical 
specics bound to the oxygen-cyolving com- 
plex. Tests of this and more detailed mecha- 
nistic studies will await future expenments. 
For now, the availability of the intense x-ray 
beams available at third-generation syn- 
chrotron sources has permitted the detec- 
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tion of a new intermediate in the water oxi- 
dation reaction. With this demonstration of 
feasibility, a wide range of other applica- 
tions of microsecond time-resolved x-ray 
absorption spectroscopy to chemically and 
biologically important reactions can now be 
imagined, 
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What Do We Need to Know 
to Land on the Moon Again? 


Maria T. Zuber and lan Garrick-Bethell 


module Fagle descended toward the Sea of 
Tranquility with Neil Armstrong mn com- 
mand. At 300 m above the lunar surface, short 
on fucl and looking for a 
smooth area on which to 
land, Anmstrong “did not 


I n July 1969, the Apollo 11 lonar excursion 


as big as a football ficld 
was just ahead, surrounded by a field of boul- 
ders, some as big as Volkswagens” (/). 
Despite the ohstacles, Fagle touched down 
safely, delivering the first human beings to 
the surface of the Moon in one of human- 
kind’s greatest technological achievements. 
As the United States and other nations 
actively plan to return to the Moon, arenewed 
discussion of the scientific knowledge of the 
lunar surface that is necded for future land- 
ings is appropriate. 
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Of the dramatic and successful Apollo 
LI Janding, one thing can be said with cer- 
tainty: We won't do it like that again. 
Starting with the Ranger 7 spacecraft and 
continuing with the Lunar Orbiters, images 
were used to characterize potential lunar 
landing sites by accumulating statistics of 
small-scale surface slopes and roughness. 
Most landings occurred in the maria, rela- 
tively smooth volcanic plains marred by 
small craters surrounded by rougher ejecta 
blankets and blocks, Two Apollo missions, 
14 and 16, landed in non-mare (highland) 
Tegions, thanks to the skill of astronauts in 
manually piloting the lunar modules to 
locations safe enough for landing. But in 
today’s risk-averse climate, the Apollo-era 
knowledge of the lunar surface—and, 
arguably, even our present knowledge 
would not meet expectations with respect to 
safety, Puture landings on the Moon, 
whether human or robotic, will demand a 
greater scientific knowledge of the lunar 
surface, In the selection of a landing site, 
two factors are relevant: landing safety and 
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fulfillment of mission objectives. Examples 
of the latter include in situ scientific 
hypothesis testing and resource assessment. 

In the coming era of lunar exploration, a 
sensible and readily achievable modus 
operandi would be that future candidate 
landing sites undergo a level of scrutiny 
similar to that of the recent landed missions 
on Mars. The process to select the 
Pathfinder and Mars Exploration Rover 
landing sites (2, 3) represents an extraordi- 
narily successful example of how scientific 
information was used to make informed 
engineering decisions that in turn enabled 
scientific discovery. Whether the goal of a 
landed mission is driven by exploration or 
sclence (leaving aside esoteric debate con- 
cerning the difference hetween the two), 


resolution imaging at visible and thermal 
infrared wavelengths (5). These observa- 
tions, coregistered with compositional 
information trom orbital spectral sensors, 
led to the selection of the Meridiani Planum 
site that provided evidence of a water-rich 
past on Mars (6). 

If we apply criteria used for landing site 
assessment at Mars to the Moon, our re- 
quired knowledge is “not there yet” on a 
global basis, A primary order of business is 
being able to land precisely where one 
wants to go, which requires an accurate lat- 
imide-longitude grid referenced to the plan- 
etary center of mass. On the Moon, posi- 
tional knowledge varics considerably with 
location. On the near side, limited locations 
are known relative to cach other to within 
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Potential landing sites. (Left panel) Full lunar year illumination cycle at the south pole, calculated over 12 lunations 
(each 29.5 days) in 1994, from 10 January to 31 December, sampled every 4 hours. (Top right) Close-up of south polar 
region, with crater rims of de Gerlache and Shackleton dominating the highly illuminated terrain. (Bottom right) Same 
calculation for the north pole. Relative to the south pole, similar amounts of terrain are illuminated in the 1% to 60% 


range, but less area is found with higher illumination values. 


the arcas of greatest interest on the Moon 
will in general be more difficult to access 
and traverse than were the Apollo sites. In 
terms of scientific knowledge, a safe land- 
ing will require accurate characterization 
of local slopes on basclines of tens to hun- 
dreds of meters, and information about 
roughness on the scale of meters to decime- 
ters (4). In addition, knowledge of soil 
properties combined with rock abundance 
and size distribution data will be required 
to assess “trafficability” of robotic rovers 
or human transport vehicles, On Mars, this 
knowledge has been achieved by careful 
analysis of candidate landing sites, using a 
combination of precise altimetry and high- 


meters horizontally and to within centime- 
ters radially, thanks to precise positioning 
provided hy laser ranging to retroreflectors 
at Apollo sites and Soviet landers (7). But 
globally, absolute positions are known to no 
better than a few kilometers horizontally 
and 100 m radially (8). Positional knowl- 
edge on the far side is less well known than 
anywhere else on the Moon, in large part 
because of the poor quality of our knowl- 
edge of the lunar gravity field (9), In con- 
trast, positions on Mars are known on a 
global basis to 100 m horizontally and | m 
radially (£0). Without such knowledge on 
the Moon, precision landing is more com- 
plicated (77) and therefore nskier. The poor 


quality of the lunar geodetic grid would, for 
example, challenge our ability to explore 
the most topographically complex and sci- 
entifically important target on the far side: 
the South Pole-Aitken Basin, 2500 km in 
diameter and 8 km deep, a potential treasure 
trove for studying the internal composition 
of the Moon (72). 

A key near-term goal of lunar explo- 
ration is resource assessment, in particular 
the definitive identification of water ice in 
permanently shadowed craters near the 
poles (73), Any long-duration mission in 
the vicinity of permanently shadowed 
craters would want to avail itself of another 
valuable resource: near-continuous sunlight 
that could satisfy power requirements (/4). 
Unfortunately, topography of the quality 
needed to unambigu- 
ously determine con- 
stant darkness or illumi- 
nation at all near-polar 
areas does not currently 
exist. As a case in point, 
the figure shows a full 
lunar year illumination 
cycle at both poles, using 
topography derived from 
Earth-based radar obser- 
vations (/5), The major- 
ity of south polar terrain 
is illuminated less than 
50% of the time, although 
near two crater rims at the 
pole there is 4.7 km? of 
noncontiguous area illu- 
minated more than 85% 
of the time, with a subset 
of this terrain receiving 
continuous light for more 
than 200 days per Earth 
year. In the north, how- 
ever, there is only 1.1 kr? 
of surface with more than 
856 iNumination, a dis- 
crepancy with illumina- 
tion estimates obtained 
from Clementine space- 
craft images collected 
over 71 days (76). Each data set has limita- 
tions; the radar suffers from nonoptimal 
viewing geometry and spatial resolution, 
whereas the Clementine images are limited 
by their short observation period, Thus, 
definitive conclusions concerning where 
best to land for missions with polar lighting 
constraints will require collection of a more 
complete data set. 

Fortunately, help is on the way. Current 
and upcoming orbiters, notably ESA’s 
Small Missions for Advanced Research in 
Technology (SMART-1, now in orbit), 
along with Japan’s SELENE (2006), China’s 
Chang’e | (2007), India’s Chandrayaan-1 
(2007), and NASA’s Lunar Reconnaissance 


Shackleton 
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Orhiter (2008), carry diverse payloads that 
will ensure that the fundamental gcophysi- 
cal, geological, and geochemical data 
needed to make informed decisions about 
where to land on the Moon will be available 
within the current decade. In the nearly 
40 years since the Apollo 11 landing 
enthralled and inspired humankind, scien- 
tific information gained in the interim can 
guide and inform future missions, con- 
tributing to a rich and sustained program of 
lunar discovery. 
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Separation of Conjoined 
Hormones Yields Appetite Rivals 


Ruben Nogueiras and Matthias Tschép 


hen we refer to our “gut feel- 
Wie: not many of us actually 
visualize how the gastrointesti- 


nal tract spills myriads of small peptide 
hormones into our bloodstream to activate 
defined circuits of the central nervous sys- 
tem. Nevertheless, that picture does reflect 
acurrent scientific concept called the “gut- 
brain axis.” This model consists of a com- 
plex network of hormonal and neuronal 
signaling pathways that is believed to bal- 
ance numerous homeostatic and hchavioral 
processes (/, 2). In this context, our stom- 
ach docs not just collect, process, and 
transport ingested food, but it also repre- 
sents a multileveled conversational partner 
of the central neryous system, A key ele- 
ment of this communication process is the 
hunger-inducing hormone ghrelin, which 
is believed to convey information about 
nutrient availability from the stomach to 
the brain (3, 4), 

Zhang and colleagues (5) now report on 
page 996 of this issue that ghrelin not only 
has a sibling derrved from the same peptide 
precursor (preproghrelin), but also that this 
new chrelin-associated peptide behaves as 
a physiological opponent of ghrelin. 
Guided by higinformatics-based predic- 
tions for typical enzymatic cleavage sites, 
they identified a 23—amino acid region of 


The authors are in the Department of Psychiatry, 
University of Cincinnati, Cincinnati, OH 45237, USA, 
and the Department of Pharmacology, German 
Institute of Human Nutrition, 14558 Nuthetal, 
Germany. E-mail: tschoemh@ucmail.uc.edu 


www.sciencemag.org SCIENCE VOL 310 


preproghrelin that is highly conserved 
across species, suggesting a relevant bio- 
logical function. The authors purified a 
secreted peptide of the predicted size and 
sequence from rat stomach tissue and also 
detected it in rat blood. Similar to ghrelin, 
which requires posttranslational moditica- 
tion close to its amino terminus by acyla- 
tion (6), the hiological activity of the ghre- 
lin-associated peptide also depends on 
modification, but by much more common 
amidation at its carboxyl terminus. 

The surprising finding is the pharmaco- 
logical effects of the newly identified pep- 
tide in comparison with the known actions 
of ghrelin. Whereas ghrelin increases food 
intake and body weight (7), the ghrelin- 
associated peptide decreases food intake 
and hody weight gain in rodents. Moreover, 
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Zhang ef a7. observed that the new peptide 
decelerates gastric emptying and decreases 
intestinal contractility in mice, both of 
which counteract the well-defined effects 
of ghrelin (8). Through a targeted screen of 
mammalian orphan receptors and sulbse- 
quent analyses in cultured mammalian 
cells, Zhang ¢f af, show that the ghrelin- 
associated peptide hinds to and activates 
the orphan receptor GPR39 (9), This G pro- 
tein—coupled receptor has been mapped to 
human chromosome 2 and is expressed in 
multiple tissues, including the stomach, 
intestine, and hypothalamus. This localiza- 
tion is consistent with a role in energy bal- 
ance regulation (/@). GPR39 is a member 
of a family that includes the receptors for 
ghrelin and motilin, another gastrointesti- 
nal hormone that stimulates food intake, 
gastric emptying, and gut motility (9, £/). 
These facts support a somewhat counterin- 
tuitive, but nevertheless intriguing, rela- 
tionship between ghrelin and the ghrelin- 
associated peptide. 

To denote its anorexigenic actions, 
Zhang and colleagues named this new gas- 
tric hormone obestatin (from the Latin 
term vbedere, meaning to “devour”). 


THE GHRELIN—MOTILIN RECEPTOR FAMILY 
MODULATES APPETITE AND GASTROINTESTINAL MOTILITY 


Ligands Receptors 


Motilin Motilin-R {GPR38) 


Neuromedin U 


Neurotensin Neurotensin-R1, -R2, -R3 
Ghrelin GHS-R 
Obestatin GPR39 


Neuromedin-R1 {GPR66), -R2 


Food intake Gastric emptying 
+ 
+ 
+ 
> 


+ 


t++4+4 


The ghrelin-motilin receptor family and their ligands. Each of these gastrointestinal hormones 
acts on a specific G protein-coupled receptor from the same family to affect food intake and gas- 
trointestinal motility (9-7 7). Similar dual effects on satiety and gastrointestinal motility are known 
for glucagon-like peptide 1, cholecystokinine, or peptide YY. Collectively, these peptides may serve to 
couple meal termination with inhibition of upper gastrointestinal function to prevent malabsorption 


and postprandial metabolic disturbances (7, 2, 8). 
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Inevitably, the terms “obesity” and 
“statins,” a class of lipid-lowering 
drugs, come to mind, However, 
obestatin has not been tested in animal 
models of obesity and there is no evi- 
dence for a lipid-lowering effect. 
Furthermore, even its effect on body 
weight appears to be very subtle. The 
failure of obestatin treatment to 
decrease leptin levels in mice may 
indicate lack of lipolytic potency. 
Effects of obestatin on food intake reg- 
ulation following administration to 
peripheral circulation or directly into 
the brain of mice suggest the typical 
action profile ofa gastrointestinal sati- 
ety hormone, However, it is possible 
that obestatin may simply suppress 
appetite by triggering nausea or vis- 
ceral illness. Recent examples have 
emphasized the importance of exclud- 
ing nonspecific appetite suppression 
when examining anti-obesity drug 
candidates (/2). Furthermore, despite 
sequence homologies between rodent 
and human obestatin (87%) and 
GPR39 (93%) sequences (5, 9), data 
from rodents cannot always be trans- 
lated to humans, where the effects of 
obestatin have yet to be determined. 

Another concern regarding a role for 
obestatin in energy balance regulation 
arises from its quantification in blood. 
Although Zhang et a/. confirmed earlier 
findings that the level of plasma ghrelin 
increases upon fasting and decreases 
following nutrient ingestion (5, /1), 
they did not observe any changes in cir- 
culating obestatin upon fasting or feed- 
ing in rodents, Detection methods for 
differentiating between circulating ami- 
dated and nonamidated ohestatin are 
not yet available, but could still reveal 
an association with nutrient availability. 
Nevertheless, total plasma obestatin gener- 
ally appears to be a fraction of the level of 
plasma ghrelin, Should hormones derived 
trom the same prepropeptide not circulate in 
an equimolar ratio? 

Another peptide precursor that gives 
birth to antipodal regulators of food intake 
may provide some answers, The neuropep- 
tide proopiomelanocortin is cleaved into 
several active fragments that include the 
appctite-suppressing a- and (i melanocyte— 
stimulating hormones (ct-, B-MSH) and the 
appctite-stimulating hormone §-cnderphin 
(43). Tissue-specific enzymes determine 
which of these are generated. A similar sce- 
nario could determine how and where pre- 
proghrelin is fragmented into bioactive pep- 
tides. An garlicr study postulated one other 
circulating preproghrelin fragment, a 
13-amino acid peptide called C-ghrelin 
(74). In addition, turnover rates of ghrelin 
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The Yin and Yang personalities of ghrelin and 
obestatin. Both hormones derive from the same pre- 
cursor protein and are predominantly secreted by the 
stomach and released into the blood. Each acts ona 
different receptor [GPR39 and GHS-R, as shown) and 
has an opposite effect on food intake, body weight, and 
gastrointestinal motility. 


and obestatin may differ appreciably, 
according to their acylation or amidation 
rates, which again would he a parallel to the 
acetylation of the proopiomelanocortin 
derivative o-MSH (/5). Dissecting the 
posttranslational cleavage, activation, or 
degradation processes of peptide hormones 
may reveal clegant enzymatic drug targets: 
Simultaneous activation of an agonist and 
deactivation of its endogenous functional 
antagonist could provide a powertul strat- 
egy for homeostatic control. 

If obestatin lives up to its name as a cir- 
culating hormone with a physiologically 
relevant anorectic as well as an obesity- 
preventing function, the puzzling discrep- 
ancy between the very mild phenotype of 
mice lacking ghrelin (76, 77) and the unsur- 
passed pharmacological effects of ghrelin 
on energy balance would receive an unex- 
pected—but logical—explanation. The 


absence of an orexigenic hormone may be 
counterbalanced by the simultaneous dele- 
tion of an equally potent satiety factor. 
Targeted mouse mutagenesis is widely used 
as a sttategy to unmask or validate the bio- 
logical function of a gene product. An obvi- 
ous abnormality of such a knockout mouse 
is usually interpreted as a reliable indicator 
of the target’s physiological role. However, 
subtle or absent differences between gene- 
disrupted mice and their wild-type litter- 
mates are often regarded as evidence of neg- 
ligible biological relevance. Such conclu- 
sions should he regarded with caution 
because developmental compensation may 
mask loss of function. Moweyer, rarely has 
such compensation been defined ona 
molecular level. The Zhang et af. findings 
caution against the interpretation of results 
based exclusively on gene disruption or 
messenger RNA quantification due to an 
additional level of complexity represented 
by posttranslational processing of proteins. 

The discovery of obestatin leaves several 
questions unanswered. Why does a mouse 
that is deficient for the ghrelin receptor not 
exhibit an impressive phenotype? Should 
the absence of ghrelin action in the presence 
of an intact obestatin signaling pathway not 
generate a robust negative energy balance? 
Why does obestatin, unlike ghrelin, not 
affect growth hormone secretion from the 
pituitary gland, despite the presence of the 
obestatin receptor in this organ? Although 
the adversarial relationship between ghrelin 
and obestatin certainly is an important con- 
tribution to our understanding of body 
weight regulation, the scarch for a magic 
bullet against obesity is likely to continue— 
admittedly, a gut fecling. 
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Pattern-Oriented Modeling of Agent-Based 
Complex Systems: Lessons from Ecology 


Volker Grimm,'* Eloy Revilla,? Uta Berger,* Florian Jeltsch,* Wolf M. Mooij,> Steven F. Railsback,® 
Hans-Hermann Thulke,' Jacob Weiner,’ Thorsten Wiegand, ' Donald L. DeAngelis® 


hat makes James Bond an agent? 
He has a clear goal. he is au- 
tonomous in his decisions about 


achicving the goal, and he adapts these de- 
cisions to his rapidly changing situation. We 
are surrounded by such autonomous, adaptive 
agents: cells of the immune system, plants, citi- 
zens, stock market investors, businesses, ctc. 
The avent-based complex systems (/) (ACSs) 
around us are made np of myriad intcracting 
agents. One of the most important challenges 
confronting modern scicnee is to understand 
and predict such systems. Bottom-up simula- 
tion modcling is one too] for doing so: We 
compile relevant information about entities at 
a lower level of the system (in “agent-based 
models,” these are individual agents), formu- 
late theorics about their bchavior, implement 
these theones in a computer simulation, and 
observe the cmergenee of systen-level prop- 
erties related to particular questions (2, 3). 


"UFZ Umveltfarschungszentrum Leipzig-Halle, De- 
partment Okologische Systemanalyse, PF 500 136, 
04301 Leipzig, Germany. “Department of Applied Bi- 
ology, Estacién Biolagica de Dofiana, Spanish Council for 
Scientific Research CSIC, Ave. Maria Luisa s/n, E-41013 
Seville, Spain. “Zentrum fir Marine Tropendkologie, 
Fahrenheitstrasse 6, 28359 Bremen, Germany. 4insti- 
tut fiir Biochemie und Biologie, Universitat Potsdam, 
Maulbeerallee 2, 14469 Potsdam, Germany. 5Nether- 
lands Institute of Ecology, Centre for Limnology, 
Rijksstraatweg 6, 3631 AC Nieuwersluis, Netherlands. 
SLang, Railsback and Associates and Department of 
Mathematics, Humboldt State University, 250 Califor- 
nia Avenue, Arcata, CA $5521, USA. "Botany Section, 
Department of Ecology, Royal Veterinary and Agricul- 
tural University Rolighedsvej 21, DK-1958 Frederiksberg, 
Denmark. °U.S. Geological Survey/Florida Integrated 
Science Centers and Department of Biology, Univer- 
sity of Miami, Post Office Box 249118, Coral Gables, 
FL 33124, USA. 


*To whom correspondence should be addressed. 
E-mail: valker.grimm@ufz.de 


www.sciencemag.org SCIENCE VOL 310 


Agent-based complex systems are dynamic networks of many interacting agents; examples 
include ecosystems, financial markets, and cities. The search for general principles 
underlying the internal organization of such systems often uses bottom-up simulation 
models such as cellular automata and agent-based models. No general framework for 
designing, testing, and analyzing bottom-up models has yet been established, but recent 
advances in ecological modeling have come together in a general strategy we call pattern- 
oriented modeling. This strategy provides a unifying framework for decoding the internal 
organization of agent-based complex systems and may lead toward unifying algorithmic 
theories of the relation between adaptive behavior and system complexity. 


Bottom-up models have been developed 
for many types of ACSs (4), but the identifi- 
cation of general pmnciples underlying the 
organization of ACSs has been hampered by 
the lack of an explicit strategy for coping 
with the two main challenges of bottom-up 
modelmg; complexity and uncertainty (5, 6). 
Consequently, mode] structure often is chosen 
ad hoc, and the focus is often on how to 
represent agents without sufficient emphasis 
on analyzing and validatmg the applicability of 
models to real problems (4. 7). 

A strategy called pattern-onented modeling 
(POM) attempts to make hottem-up modeling 
more ngorous and comprehensive (6, 8/0). In 
POM, we explicitly follow the basic research 
program of science: the explanation of ob- 
served patterns (7 /). Patterns are defining char- 
actenshes of a system and often, theretore, 
indicators of essential underlying processes 
and structures, Pattemms contain Information on 
the internal organization of a system, but in a 
“coded” form. The purpose of POM is to 
“decode” this information (7f). 

The motivation for POM is that, for com- 
plex systems, a single pattern observed at a 
specific scale and Imerarchical level is not 
sufficient to reduce uncertainty in model struc- 
ture and parameters. This has lonz been known 
in scicnee. For example, Chargaff’s mle of 
DNA base pairing was not sufficient to de- 
code the structure of DNA unti] combined 
with pattems trom x-ray diffraction of DNA 
and from the tantomeric properties of the pu- 
rine and pyrimidine bases (72). Uhus. in POM, 
multiple patterns observed in real systems at 
different hierarchical levels and scales are used 
systematically to optimize model complexity 
and to reduce uncertainty. 

POM was formulated m ecology, a science 
with a long tradition of bottom-up modeling. 
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Ecology, in the past 30 years, has produced as 
many individnal-based models as all other dis- 
ciplines together have produced agent-based 
models (/3), and has focused more on bottom- 
up models that address real systems and prob- 
lems (74). 

We describe here how observed patterns 
can be used to optimize mode] structure, test 
and contrast theones for agent behavior, and 
reduce parameter uncertainty. Finally, we 
discuss POM as a unifying framework for the 
scicnee of agent-hased complex systems in 
general. 


Patterns for Model Structure: 
The Medawar Zone 


Finding the optimal level of resolution in a 
bottom-up model’s structure is a fundamental 
problem. If a model is too simple, it neglects 
essential mechanisms of the real system, 
limiting its potential to provide understanding 
and testable predichons regarding the problem 
it addresses. [f a model is too complex, its 
analysis will be cumbersome and likely to get 
bogged down in detail. We need a way to find 
an optimal zone of model complexity, the 
“Modawar zone” (Fig. 1). 

Modeling has to start with specific ques- 
tions (/5). From these questions, we first 
formulate a conceptual model that helps us 
decide which clements and processes of the 
real system to include or ignore. With complex 
systems, however, the question addressed by 
the model is not sufficient to locate the 
Medawar zone beeanse ACSs include too 
many degrees of freedom. Moreover, the con- 
ceptual mode] may too nich reflect our per- 
spective as extemal observers, with our specific 
interests, beliefs. and scales of perception. 

A key idea of POM is to use multiple 
patterns observed in real systems to guide 
desien of model structure. Using observed 
patterns for modc] design directly tics the 
model’s structure to the intemal orgamzution 
of the real system. We do so by asking: What 
observed patterns scem to characterize the 
system and its dynamics, and what variables 
and processes must be in the model so that 
these patterns could, in principle, cmerge? For 
exaniple, if there are patterns in age structure, 
sex ratio, and spatial distibution, then age, 
sex, and space shoud be represented in the 
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model; if we know that agents behave dif 
ferently at high densitics (¢.g., are more ag- 
gressive), behavior vanability should be m the 
model. This usc of patterns might forec us to 
include state varlables and processes that are 
only indirectly linked to the ultimate purpose 
of the model and are not part of our initial 
conceptual model. Ideally, the patterns used to 
design a model occur at different spatial and 
temporal scales and different hicrarchical lev- 
els, because the key to understandmg complex 
systems often lics in understanding how pro- 
cesses on different scales and Inerarchical levels 
are bound to each other. 

Multiple patterns were key to modeling 
spatiotemporal dynamics of the beech forests 
of central Emrope (Fig. 2). Natural beech forests 
ave characterized by a spatial mosaic pattem of 
successional stages. A cellular automaton mod- 
el that focused on this pattern only (76) was too 
poor in structure to reveal the forest’s inter- 
nal organization. But the forests have more 
characteristic patterns. Different successional 
stages have different patterns of vertical struc- 
ture: c.g.. the climax stage has closed canopy 
and Little understory, and the decaying stage 
has canopy gaps and an understory of young 
beech, Therefore, a newer model (77, 28) in- 
eludes four height classes (from scedlings to 
upper canopy) (Fig. 2). The model also ex- 
plisitly represents individual hig trees because 
canopy gaps are caused by windthrow, an 
individnal-lcvel process. [he madcl’s struc- 
ture was thus determmed by the multiple 
characteristic patterns: [he mosaic pattern 
determined horizontal spatial scale and reso- 
lution, the vertical patterns determined the 
need for height classes, and canopy gaps de- 
termined that large beeches nvust be described 
individually, 

When designed to reproduce niultiple pat- 
tems, models are more likely to be “structurally 
realistic’ (7). [In particular, model compo- 
nents {e.g., mdividuals) correspond directly to 
observed objects and variables, and processes 
cormespond to the internal organization of the 
teal system, so that the model “not only re- 
produces the observed real system behavior, 
but truly reflects the way in which the real 
system opcrates to produce this behavior’ 
[U9. p. 5]. 

Structurally realistic models can make in- 
dependent and testable sccondary predictions. 
The beech forest model, for example, delivered 
independent predictions of forest character- 
istics that were not considered during model 
development and testing (20). Predictions of 
age structure in the canopy and the spatial 
distnbution of very old “giant” trees were in 
good agreement with observations, considera- 
bly increasmg the model's credibility and 
justifying a completely new application: track- 
ing woody debris (27). Complexity in pattern- 
oricnted bottom-up models is not simply a 
burden but can provide nch opportunities to 
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increase Model credibility, gain understanding 
(78), and address more questions. 

In an example trom ecological epidemiol- 
ogy. multiple patterns guided the stepwise 
design and calibration of a model desenbing 
the spread of rabics among red foxes in central 
Europe (22), Observed patterns included the 
large-scale wave of rabics prevalenec, discase 
pockets ahead of the wave, and temporal os- 
cillations of prevalence at loca] and regional 
scales. The resultmg model reproduced these 
patterns, but not by simply applying a pre- 
conceived model structure and then fitting it to 
the patterns: instead. one pattern after another 
was used to gradually refine mode] structure 
(23). Structural realism of this medcl is 
indicated by the striking match between model 
predictions and a long-term data set of hunted 
foxes, which combines aspects of rabics epi- 
demiolovy (before the onset of rabies control), 
fox ccology (after control), and their intorac- 
tion {during contrel). 

In other ACS disciplines, we found only a 
few models explicitly addressing multiple pat- 
terns, althongh many models were implic- 
itly based on multiple pattems. A model of 
consumer markets (24) addresses three pat- 
terns: (1) The statistical distribution of week- 
ly sales of fast-moving consumer goods has 
fatter tails and thinner peaks than normal dis- 
tributions: (ii) there are clusters of high sales 
volatility; and (41) market shares of different 
stores follow power-law distributions. [xactly 
how these pattems influenced the design of 
the mode] is not clear, but pattern (iii) ap- 
pears to be why the model is spatially explicit: 
Consumer agents only visit stores that are 
nearby. 


Patterns for Contrasting 

Alternative Theories 

Agents contnuously make decisions to reach 
their goals c.g., survival and reproductive 
success, profitmg in a stock market, finding 
the best place to settle in an cver-changing 
environment. [low do we model these deci- 
sions? What information do agents have, what 
altematives do they consider, and how do they 
predict the consequences of their decisions? 
Many studics of AC'Ss try only one mode] of 
decision-making and attempt to show that it 
leads to results compatible with a limited data 
set. This practice, however, may lead to the 
impression that bottom-up models include so 
Many parameters that they can be fitted to data 
whether or not their structure and processes arc 
valid. 

A more rigorous strategy for modeling 
agent decisions, or other bottom-up processes, 
is to use “strong inference’ (25) by contrast- 
ing altemative decision models, or “theones” 
(3, 6). First. alternative theorics of the agent's 
decisions are formulated. Next, characteristic 
patterns at both the individnal and higher 
levels are identitied. The altemative theones 


Medawar zone 


Payoff 


Model complexity 


Multiple 
Problem\. Patterns 


Fig. 1. Payoff of bottom-up models versus their 
complexity. A model’s payoff is determined not 
only by how useful it is for the problem it was 
developed for, but also by its structural realism; 
i.e,, its ability to produce independent predictions 
that match observations. If madel design is guided 
only by the problem to be addressed (which often 
is the explanation of a single pattern), the model 
will be too simple. If model design is driven by all 
the data available, the model will be too complex. 
But there is a zone of intermediate complexity 
where the payoff is high. We call this the 
“Medawar zone” because Medawar described a 
similar relation between the difficulty of a 
scientific problem and its payoff (47). If the very 
process of model development is guided by 
multiple patterns observed at different scales 
and hierarchical levels, the madel is likely to end 
up in the Medawar zone. 


are then implemented in a bottom-up model 
and tested by how well they reproduce the 
patterns. Decision models that tail to reproduce 
the characteristic patterns are rejected, and 
additional patterns with more falsifying power 
can he used to contrast successful alternatives. 
Rigorous techmques can be used to design 
experiments and analyze data (6, 26). 

As an example, consider the well-known 
“boids’ model (27) that produces schooling- 
like behavior from a simple theory: Individual 
boids try to avoid collisions, match the velocity 
of neighboring individuals, and stay close to 
neighbors. The cmergence of agercgations 
resembling fish schools from this theory (Fig. 
3). however, does not prove that boids cxplains 
schooling in real fish. 

To detine theory for schooling of real fish, 
Huth (28) used observed patterns and con- 
trasted alternative theones for fish behavior. 
‘lwo patterns characterizing fish schools were 
defined and quantified: polarization and near- 
est neighbor distance (Fig. 3). leven altcrna- 
tive theones for how fish adapt swimming 
speed and dircetion were formulated. In the 
first nine theones, the influence of neighbors is 
averaged; but in two theories, fish adjust their 
swimming to only one neighbor—e.g,, the one 
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Fig. 2. Pattern-oriented model design. Observed patterns that characterize old-growth beech forests [(A); images: front, M. 
Flade; right, C. Rademacher; top, $. Winter] include a horizontal mosaic of developmental stages [(B); x scale: 400 m; modified 
from (42)], the vertical patterns of tree size that define the developmental stages [(C), showing the late decaying stage; 
x scale: ~60 m; modified from (43)], and distributions of fallen large trees [(D), a map of fallen wood; ellipses indicate crown 
projections of standing trees; x scale: ~60 m; modified from (43}]. To allow these patterns to emerge from it, the model 
includes a grid-based horizontal structure [(E), showing grid cells in three developmental stages; x scale: 570 ml], a grid-based 
vertical structure [(F), showing each grid cell’s percentage cover for four height classes; total area shown: 1 ha)], and 
individual representation of large trees [{G), showing one cell's trees in the largest two height classes; cell area: 204 m*); (E) 


to (G) modified from (78)]. 


closest in front. These two “pnonty” theones 
failed to reproduce realistic polarization values 
{Fig. 3), eliminating them as valid theory. 
‘This cxample shows that looking at onc 
pattem may not be sufficient to falsify weak 
theory: Looking at nearest neighbor distance 
alone suggested that both types of schooling 
mode] produce similar results, but in fact the 
pnonty theories produce schools only as com- 
pact, but not as polarized, as real schools. 
Moreover, the nine theones based on averaging 
differ widely in assumptions, but the fish school’s 
properties tumed out to be robust to these 
assumptions. Dcmonstrating robustness is also 
key to a bottom-up model's credibility, because it 
indicates that we captured the most important 
mechanisms. [uth and Wiissel’s madel alsa 
reproduced several additional patterns not 
considered during model development, provid- 
ing turther support for its structural realism. 
This pattern-onented theory development 
approach is increasingly used in models of 
ACS. Railsback and Tlarvey (9) used a stream 
trout model to contrast three theones for how 
individual fish seleet habitat. Only a new 
theory that assumes that fish select habitat ta 
maximize expected survival over a future 
period reproduced observed patterns of feeding 
hierarchy, response to competing specics and 
predatory fish, seasonal habitat shifts, and 
response to reduced food availability. Although 
these pattems are each qualitative, or “‘weak,” 
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Observed patterns 


together they were able to falsify all but one 
theory of habitat selection. 

In a model explonng what determines the 
access of nomadic herdsmen to pasture lands 
owned by village farmers in north Cameroon, 
herdsmen negotiate with farmers for access to 
pastures (29), Two theones of the herdsmen’s 
reasoning were contrasted: (i) “cost priority.” 
in which herdsmen only consider one dimen- 
sion of their relationship to farmers costs: 
and (1) “fiend pnonty,” in which herdsmen 
remember the number of agreements and 
retusals they received Im previous negotiations, 
Real herdsmen sustain a social network across 
many villages through repeated interactions, 
a pattern reproduced only by the “friend 
pnonty” theory. 

In economics, agent-hased model cxperi- 
ments have been used to identity character- 
istics of artificial stock market investors that 
reproduce pattems well known from real stock 
markets (30). These pattems melude continual 
and unpredictable stock pnce volatility, bngh 
skew and kurtosis im the distiibution of protits 
amonye investors, and an inverse relation be- 
tween current investment profits and future 
price instability. [wo assumptions were 
contrasted about how much historic data 
investors use to predict the outcome of their 
investment decisions: (i) Investors all use 23- 
year memorics of markct data. versus (ii) 
memory vanes fiom 0.5 to 23 years, Although 


Model structure 


REVIEW 


none of the simula- 
tions reproduced all 
the observed market 
patterns, the assump- 
tion that all investors 
use 25-year memories 
failed to reproduce 
the most basic pat- 
tern: price volatility. 
This pattern-oriented 
analysis indicates 
that individual vari- 
ation in investment 
decision-making is 
crucial to stock mar- 
ket dynamics. 

Testing and con- 
trasting alternative 
theories or decision 
models has several 
benefits. We are 
forced to be explicit 
about how decision 
models are formu- 
lated and tested: we 
can demonstrate how 
important the spe- 
cific formulation of 
a decision or any 
other low-level— 
mode] is; we can cx- 
plore null models; 
and we can continn- 
ally refine models by applying additional 
pattcrms. 


Patterns for Parameters: 

Coping with Uncertainty 

Pattern-oriented modeling can reduce uncer- 
tainty in model parameters in two ways. First, 
it helps make models structurally realistic. 
which usually makes them less sensitive to 
parameter uncertainty (37). For cxample. an 
individual-based coyote population model 
reproduced an array of observed patterns with 
no fine-tuning of parameter values taken trom 
the literature (32). he trout model (9) had 
tour parameters that were particularly un- 
certain yet important; cach had_ relatively 
independent effects on four different outputs 
(size versus abundance, for juveniles versus 
adults), so they could be calibrated manually 
and independently. 

Second. the realism of structure and mech- 
anism of pattem-onented models helps param- 
cters interact in ways similar to interactions 
of real mechanisms. It is therefore possible 
to fit al] calibration parameters by finding 
values that reproduce multiple pattems simul- 
tancously. his technique is known as “‘in- 
verse modeling” (33). For a spatially explicit 
individual-based model of brown bear dis- 
persal from Slovenia into the Alps (34), a 
global sensitivity analysis of the uncalibrated 
parameter set revealed high uncertainty in 
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model output. To re- 
duce this uncertainty, 
two data sets were 
used to identify five 
patterns. Quantita- 
tive criteria for the 
agreement between 
observed and sim- 
ulated patterns were 
developed. The in- 
direct modeling anal- 
ysis started with 557 
random parameter 
sets covering the plau- 
sible ranges of all pa- 
rameters. The five 
observed patterns 
were used as filters: 
Only 10 of the 557 
parameter sets re- 
produced all of them. 
This parameter fil- 
tering reduced the 
model's global sen- 
sitivity by a factor 
of 4 (fig. $1). 

Indirect parame- 
tenzation is routine 
in physical process models (i.e., in chemistry, 
hydrology, and climate modeling), but rare 
so far in models of ACSs. An encouraging 
exception is the agent-based model of an 
ancient society, the Kayenta Anasazi, who 
occupied the Long House Valley in north- 
eastern Arizona (United States) until 1300 
A.D. Paleoenvironmental and archaeological 
records permitted the development of a de- 
tailed, spatially explicit agent-based model of 
this society and its history (35). These data 
include estimates of annual potential maize 
production for each hectare in the study area 
for the period 400 to 1400 A.D. and records of 
human settlement in the valley. Theories for 
agent decisions, for example, splitting house- 
holds and moving, were based on detailed re- 
gional ethnographies. 

The model includes variability in mortality, 
fertility, splitting of households, and maize 
harvest rates; with eight unknown parameters. 
To evaluate these parameters indirectly, the 
time series of the number of simulated house- 
holds was compared to the historical record. 
The best parameter set reproduced all im- 
portant trends and population sizes in the ar- 
chagological record. This parameter set also 
reproduced important features of the spatial 
distnbution of the settlements (Fig. 4) and the 
gradua] northward movement of the popnla- 
tion. These spatial pattems can be considered 
independent predictions, strong indicators of 
the model’s structural realism. 


Implications and Future Directions 
Patterns are widely used by many modclers, 
particularly im disciplmes where the low-level 
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Fig. 3. Strong inference by contrasting alternative theories of the agents’ behavior. Boids (27) is a conceptual model that 
from simple rules for behavior [(A); a version of boids by H. Hildenbrandt (44)]. (B) 
In a similar model of fish schools (28, 45), 11 alternative theories of fish behavior were contrasted by looking at two school-level 
patterns: polarization (p) and nearest neighbor distance (ND); p is 0° if all fish swim in the same direction and p approaches 90° 
if all fish swim in random directions. Values of p observed in real fish schools are 10° to 20°; observed NND is often <1 fish body 
length. In model versions 1 to 9, the influence of neighbor fish is averaged; in model version 10 and 11 (shaded), fish select a single 
neighbor fish and orient their swimming to this neighbor only. 


Fig. 4. Parameterization and independent predictions of an agent-based model of the Anasazi in 
the Long House Valley [modified from (35)]. The simulation environment consists of an 80 by 120 
grid of 1-ha squares. Dark gray represents a higher water table; light gray and blue represent a 
lower water table. White is nonfarmable land. The red dots represent settlements. (Left) The 
historical settlement in 1125 A.D,; {right) prediction of the simulation model for the same year. 
The match between data and simulation is imperfect, but the clustering of settlements along the 
valley boundaries is captured by the model. The model was calibrated not to the settlement 
patterns but to the population size time series for 400 to 1450 A.D. 


entitics are physical objects such as atoms 
and stars, or are relatively easy to represent, 
such as flocking birds. pedestrians in a 
panicking crowd, or car dnyers (“Brownian 


agents’ (36): sce also table S1]. However, 
POM is the first attempt to explicitly formulate 
a rigorous and comprchensive strategy for 
modeling ACSs, The POM stratezy is a 


11 NOVEMBER 2005 YOL 310 SCIENCE www.sciencemag.org 


way to focus on the most essential infonma- 
tion about a complex systen’s internal or- 
ganization, Multiple patterns keep us from 
building models that are too siniple in struc- 
ture and mechanism, or too complex and 
uncertain. Using patterns to test and contrast 
alternative theones for avent behavior or 
other low-level processes is a way for the 
science of ACS to get beyond clever demon- 
stration models and on to rigorous cxplana- 
tions of how real systems are orgamzed and 
how they respond to internal and cxternal 
forces. POM is just taking root, and we ex- 
pect to see its rapid development in the near 
future. 

Bottom-up models are virtual laboratones 
where controlled experiments distingnish 
noise from siznal in the system's organiza- 
tion. [n particular, experiments contrasting 
hypotheses for the behavior of interacting 
agents wil] lead to an accumulation of theory 
for how the dynamics of systems trom mal- 
ecules to ccosystems and economics cmergc 
from bottom-level processes. This approach 
may change our whale notion of scientific 
theory, which until now has been based on 
the theorics of physics. Theories of complex 
systems may never be reducible to simple 
analytical cquations, but are more likely to 
be sets of conceptually simple mechanisms 
(c.g., Darwinian natural selection) that pro- 
duce different dynamics and outcomes in 
different contexts. POM thus may lead us to 
an algonthmic (37), rather than analytical, 
approach to theory. 
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Multiple Transatlantic Introductions 
of the Western Corn Rootworm 


Nicholas Miller,’ Arnaud Estoup,7 Stefan Toepfer,? 
Denis Bourguet,” Laurent Lapchin,' Sylvie Derridj,* 
Kyung Seok Kim,° Philippe Reynaud,® 
Lorenzo Furlan,’ Thomas Guillemaud'* 


Prevention of biological invasions, as opposed 
to remedial eradication of invasive species, 
represents the most cost-cffective and perhaps 
only hope for stemming the current homoge- 
nization of the world’s biota (/). Here we de- 


senibe the introduction routes into Europe of 


the western corn rootworm (Piahrotica virgi- 
fera virgifera, WCR), the most destructive pest 
of corn in the United States. Armed with this 
knowledge, it will be possible to better gange 
the prevention strategies that night be adopted. 

WCR was first detected in lawope in the 
former Yugoslavia m 1992 and has smce spread 
throughout nich of central and southeastern (CSI) 
Europe (2). Outbreaks of WCR were subsequently 
detected in northeast Italy in 1998 (in Veneto), 
2002 (in Pordenone), and 2003 (Gn Udine); in 
northwest Italy and Switzerland in 2000: near 
Pans, France, im 2002 and 2004; and in eastem 
Franec, Switzerland, Kelginm, the United King- 
dom, and the Netherlands m 2003 (2). Although 
the invasion history of WCR is well documented, 
the source populations of the Westem European 
outbreaks remain unknown. Because of the 
sequence of outbreaks, CSE Europe was generally 
assumed to be the sowee of most, if not all, the 
Westem European populations (3). Tlowever, in 
principle, cach outhreak conld have originated 
from North Amenca, CSE Europe, or one of the 
other Western lauopean foci. 


‘To discriminate between these introduction 


scenarios, we analyzed the genetic vanation of 


nropean and American WCR populations at 
elght microsatellite loci (4, 5), Simple genetic 
statistics gave uscful but qualitative insights into 
the ongin of most European outbreaks (5) (table 
$1). We then used a model-based approximate 
Bayesian computation (ABC) method relying 
on computer sinmlations (5, 6) to quantitatively 
compare the different introduction secnarios for 
the Wester European WCR populations (Fig. 1). 

Onr results are clear-cut and unexpected. ‘Two 
of the Westem European populations analyzed 
did not originate fron. CSI! [europe but directly 
from North Amenica; this scenario was supported 
by Bayes factors (#/') higher than 10° and 
postenior weights (P}) of ~ 1 for the northwest- 
erm Italy and Paris 2002 populations. Morcover, 
these imtroductions were mdependent tiom each 
other (f= 159 and PH’ = 0.94). According to 
our analysis, the jusikicietenn Ttaly 2003 outbreak 
was the only one to originate from CSI Lnrope 
(BF = 183 and PH = 0.94), and the eastem 
France population was derived fiom the Paris 
2002 population (BF = 3.9 and PH’ = 0.45). The 
only population with ambiguous origins was 
Pans 2004, which could have been derived either 
from North America (4 — 2.05 and PIF — 0.70) 
or from Pans 2002 (P= 0.22). The presence 
of unsampled Iropean populations acting as 


Paris 2004 Europe 
Eastern France 
Pont ng(0 22) 
. (0. A a NE Italy-2003 
taly 
Avot yf 


400 km 


CSE Europe 


Fig. 1. The most likely scenarios of invasion into Europe by WCR, deduced from the ABC analysis. For 
each European outbreak, a red arrow indicates its most likely origin; the PW values of the introduction 
scenarios are in parentheses. Gray arrows represent unresolved scenarios. Large areas where WCR is 
present are shown in orange. BF values supporting the most likely scenarios of 3.2 to 10 (substantial 
support), 10 to 100 {strong support}, and °+100 {decisive support) are indicated by one, two, or three 


asterisks, respectively; ns, not supported. 
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altemative Introduction sources for the three pn- 
mary outbreaks (CS Marope, northwestern 
Italy, and Paris 2002) could be ruled out. This 
was trae whether the unsampled population was 
one of those detected in 2003 (BF > 10° and 
PW ~ 1) ora hypothetical population founded 
in the 1980s (BF > 3.6 and PH’ = 0.68). 

[t has been widely assumed that the -irepean 
WCR invasion was the result of a single 
unpredictable introduction. On finding that there 
have been at least three Independent transatlantic 
introductions of WCR suggests that inenrsions 
trom North America are chromic. Prevention of 
future WCR invasions will require action against 
multiple invasion routes, which have apparently 
been used repeatedly and are potentially precict- 
able. Onr study also raises questions concerning 
the changing circumstances (such as adaptation 
by the insect or changes in contro] measures or 
transportation practices) that have permitted a 
sudden and recent burst of transatlantic intro- 
ductions of WCR. 
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Transient Floral Change and 
Rapid Global Warming at the 
Paleocene-Eocene Boundary 
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Rapid global warming of 5° to 10°C during the Paleocene-Eocene Thermal 
Maximum (PETM) coincided with major turnover in vertebrate faunas, but 
previous studies have found little floral change. Plant fossils discovered in 
Wyoming, United States, show that PETM floras were a mixture of native and 
migrant lineages and that plant range shifts were large and rapid (occurring 
within 10,000 years). Floral composition and leaf shape and size suggest that 
climate warmed by ~ 5°C during the PETM and that precipitation was low early in 
the event and increased later. Floral response to warming and/or increased 
atmospheric CO, during the PETM was comparable in rate and magnitude to 
that seen in postglacial floras and to the predicted effects of anthropogenic 
carbon release and climate change on future vegetation. 


At the beginning of the Lacene lpoch ~55.8 
million years ago, global temperatures in- 
ercased by 5° to 10°C over a period of ~10 to 
20 thousand years (ky) then retumed to warm 
background climates over the succeeding 
~100 ky (@-4). This event, the Paleocene- 
ecene Thermal Maxinmm (PIETM) (5), 
coincided with a global nevative carbon 
isotope excursion (C1) and calcium carbonate 
dissolution in the deep ocean, which are 
consistent with a large release of /*€\-depleted 
carbon to the ocean and atmosphere {6). 
Several sources have been proposed for this 
carbon: ovean-floor clathrates (7), thermogen- 
ic methane (8), and burning of peat andor 
shallowly buried coals {¥). 

Biotic events at the Pl’IM include mass 
extinction among benthic foramimifera (/0), 
changes in the latitudinal range and specics com- 
position of mare plankton (77, /2), and shitts 
in the taxonomic and trophic composition of 
terrestrial vertebrate faunas, probably after dis- 
persal over high-latitude land bridges (/3, 74). 
Although the distnbution and diversity of ter- 
restrial plants are strongly influenced by climate 
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today, previous work has shown little mega- or 
palynofloral change across the Paleocene- 
lincene interval (45 79). Hore we report terres- 
tial megafloras trom the PETM and use them 
to infor change in the elinate and floral com- 
position in the intenor of North Amenica. 

Geological framework. Onr data come 
trom the upper Fort Union and lower Willwood 
formations in the Cabin Fork drainage, south- 
eastem Bighom Basm, Wyommg, United States 
(~43.96°N. 107.65°8) (Fig. 1). These sedi- 
ments were deposited by small fluvial systems 
near the margin of a subsiding intcrmontanc 
basin, and they preserve a suite of environ- 
ments including small channels, floodplain 
paleosols and swamps, and abandoned channel 
fills. We measured strata with a Jacob’s staff 
and sighting level, then correlated sections by 
tracing beds with a differential Cilobal Po- 
sitionmg System to create a stratigraphic and 
biostratigraphic framework with ~1-m resolu- 
tion (Fig. 2). 

‘Two lines of evidence establish the PEM age 
of these strata: mammalian biostratigraphy and 
8": of palcosol organic matter. Fossi] mammals 
indicating the late Paleovene Clarkforkaan North 
American Land Mammal Age (NALMA) were 
found from 3 to 22 m below the top of the Fort 
Union formation (Fig. 2). The main fossilifcrous 
layer is a laterally extensive, fexuginous, ent- 
pebble conglomerate that has produced =200 
specimens and 11 species. The presence of 
Copecion, an abundanee of Phenacodus and 
fctocion, and the absence of ffracotherium 
indicate that this fauna belongs to the latest 
Clarkforkian zone C43 (20, 27). The carliest [o- 
cene nummmals (Wasatchian NALMA, the W'a-0 
zone), which oceur within the CI in other 


areas (79, 27-25), come tiom the lowest 37 m of 
the Wilkvood formation. Nineteen specics are 
represented among 233 specimens, meluding 
diagnostic Wa-0) taxa (4¢fia june’, Copecion 
davist, Byracothertum sandrac, and Diacodexis 
iicis) (23). The lowest Wa-0 fossils come 
trom paleosols and clay clast accumulations 
in sandstones 3 to 5 m above the hase of the 
Willwood formation and 8 m above the high- 
est Clarkforkian manimals. The highest Wa- 
fossils occur 37 m above the base of the 
Willwood formation and 3 m below three 
thick, laterally persistent, red paleosols. In 
the Cabin Fork areca, the highest of these 
three persistent paleosols fat 47 m) produced 
10 species of manimals, including Cardioie- 
phus radinskvi, which defines the suceceding 
Wa-1 faunal zone (25) (Fig. 2). Thus, the 
Wa-0 faunal zone in the Cabin Fork areca is 
at Ieast 34 m thick and is bounded by Cf-3 
and Wa-] faunas. 

We measured the carbon isotopic composition 
of bulk organic matter (6PC,.) from mud-rock 
paleosols in the same sections (26) (Fig. 2A and 
fig. $1). SAC, ranged from 22 to 28.5 per 
mil (%0) and, when grouped into PETM and 
non-Pl7T'M samples based on faunal criteria, 
was strongly negatively correlated with the 
weight percent of organic carbon (wt Yo C,.). 
which varies tiom 3.6% to 0.05% (tig. S1 and 
table $1). We plotted deviations of °C. from 
the values expected based on wt % C,, (26) 
(Fig. 2A and fig. $1). The carbon isotope curve 
shows a sharp excursion of —3.3%q, starting 2 to 
3 m below the lowest occurrence of Wa-0 man- 
mals. The magmitude of the CTE is similar to that 
in soi] organic matter at Polecat Bench in the 
northem Bighom Basin (27) (Fig. 2B), Our iso- 
tope anomaly values remain 2 to 3%0 below 
background values throughout the 50m of sec- 
tion above the base of the CUI, with the ex- 
ception of a single more positive sample at 5m 
(Fig. 2A) that was poorly consolidated and con- 
taminated with modem roots. The lowest Wa-1 
manimals occur within the upper part of the 
CEE, as is seen at Polecat Bench (27) (Fig. 2B). 


Polecat Bench Cabin Fork 


Fig. 1. The location of the Cabin Fork and Polecat 
Bench PETM sections. Solid dots indicate Paleo- 
cene and Eocene sites with plant types that are 
restricted to the PETM in northern Wyoming, 
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Cabin Fork 


Fort Union Fm. 


-3 


5°Corg anomaly (%c) 


Fig. 2. Comparison of PETM records. (A) The Cabin Fork section, showing 
meter levels, formations, faunal zones, lithology, fossil sites, and 65°C... 
anomaly values (26). {B) The Polecat Bench section, showing "°C, faunal 
zones, and meter levels (27). (C) 5'2C of bulk carbonate at Ocean’ Drilling 
Program (ODP) site 690B {in the Southem Ocean), with the time scale from 


Floral composition and migration. 
Plant fossils were collected from lenticular 
channel fills 3 to 5 m thick and <50 m across. 
Because of small-scale downcuttng and re- 
deposition, plant fossils are slightly younger 
than overbank deposits at the sume level; how- 
ever, the continnous floodplain palcosals 
above the chamnel fills are within the PETM, 
as indicated by vertebrate fossils and/or 81°C, 
anomaly values. 

‘Two localitics, SW0410 and SW0307 (3 
and 37 m above the base of the CIL:, respec- 
tively), produced a total of 398 plant mega- 
fossil specimens [136 and 262. respectively 
{table $3}]. The lower locality has nine leaf 
morphospesics, inchiding six dicots, onc 
paln, and one tem. The upper locality has 
20 leaf morphospecics, including 17 dicots, 
one palm, and two fers. In composition, both 
PE-TM megafloral localities are dominated 
by morphospecies that have not been rec- 
ognized in extensive collections (~30,000 
specimens trom >300 localities) trom the late 
Paleacene and carly Eocene of the Bighorn 
Basin (Fig. 3) (28). 
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Farley and Eltgrath (3). Wa, Wasatchian; Cf, Clarkforkian; M, Meniscotherium 
Zone. Paleocene fossils are indicated with blue symbols, PETM with red, and 
post-PETM Eocene with green. Carbon isotope units are in ‘so Pee Dee 
belemnite. Dashed orange lines indicate correlations of carbon isotope curves. 
Dashed vertical lines are mean 8'°C vales for the latest Paleocene, 
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Fig. 3. Change in floral composition analyzed with detrended correspondence analysis (DCA). Each 
bivariate plot was generated by DCA of a sites-by-species matrix of presence/absence data. Arrows 
indicate the temporal sequence. {A) Palynofloral analysis: Axis |, 11.5% of variance; Axis Il, 5% of 
variance. (B) Megafloral analysis: Axis |, 3% of variance; Axis Il, 2% of variance. Paleocene samples are 
indicated with blue diamonds, Eocene samples with green triangles, and PETM samples with red 
squares. PETM samples are compositionally distinct from both Paleocene and Eocene ones and from 
each other. 


The lower flora is dommated by an un- 
described, mimesoid legume leaflet and con- 
tams leaves simular to “Artocarpus”’ fessigiana 


(Lesquereux) Knowlton, a taxon known from 
the Paleacene and lincene of the Denver 
Basin, Mississippi Embayment, and Calforma 
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{29), locations 650 to 1500 km to the south 
(Fig. | and fig. 52). The upper flora is co- 
dominated by an undescribed leat of proba- 
ble lanralean affinity with a long drip tip. a 
typical Paleocene lauralean known as ““Fiews” 
planicosiaia, and the conimon late Paleocene 
early Eocene platanoid Macginitiea nobttis 
(fig. $3). 

Palynotloras extracted from the mezatloral 
sites also have unusual floral composition con- 
pared to latest Paleocene and post-PETM sam- 
ples from the same region (Fig. 3A) (76, #7). 
Both palynotloras have common, stratigraph- 
ically long-ranzing, wind-pollinated taxa {such 
as Caryapolleniies, Ulmipolleniies, and Alni- 
pollenites), but the lower flora also includes 
Brosipollis, a marker of the carly oscne 
on the Gulf Coastal Plain (30, 37); Puneta- 
tosporifes, an tocene index fossil in the Big- 
hom Basin; and four taxa not previously 
recorded among ~25,000 grains identified 
from the late Paleocene and earliest Eocene 
in the Bighorn Basin (/7). [he upper site 
contams ?Lanagiopollis, ct. Tricolpites hians, 
and Plafyearya sxwasticoides (three forms 
otherwise restricted to the Gulf Coastal Plain); 
triporopolleniies gramdanes and Cyeadapiies 
scabratus (both otherwise found in the Powder 
River and Williston Basins to the cast): the 
Eocene index Platvearva platycarvoides, and 
four taxa previously unrecorded in the Bighom 
Basin including cf. Borbax (30-33). As m the 
Powder River Basin, P. platycaryoides, which 
muigiated to North Amenca from Europe, does 
not appear until the upper part of the PIETM, 
suggesting it may have not have colonized 
middle latitudes until climate began to cool 
late in the event (79). 

‘The taxa found in these PIZIM floras are 
otherwise unknown from the northemm Rocky 
Mountain region, and the four palyno- 
morphs and one leaf type noted above dac- 
ument northward range extensions from the 
Gulf Coastal Plain and from Colorado (Fig. 
1 and table 84). PETM oceurrences of these 
taxa 650 to 1500 km north of thei Pa- 
leocene distributions roughly indicate the niag- 
nitude of range extension, although Incomplete 
knowledge of Paleocene distributions means 
these may be overestimates. Paleogene gra- 
dients of temperature with latitude have been 
estimated at 0.4 to 1° change in mean an- 
nual temperature (MAT) per degree of Jati- 
tude (34, 35). A temperature inercase of 4 
to 8°C during the PETM (36) should have 
shifted floral ranges 4 to 20 degrees of lat- 
itude (450 to 2200 km) to the north, which 
agrees with the range extensions we infer. 

The combination of immigrants from the 
south, cast, and Enrope, along with the per- 
sistence of natives, 1s consistent with species- 
specific, or “individnalistic,” response to the 
PETM, as has been widely reported in late 
and postglacial floras (37). The presence of 
immigrants in the lowest PETM flora suggests 
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that plant range changes were zeologically 
rapid («10 ky from the base of the C1). ‘The 
absence of a distincive PETM flora m earlier 
studies probably reflects inadequate sampling 
(77, 29) or limited change in floral ranges on 
isolated land masses (/&. he appearance 
durmg the PETM of both imtra- and inter- 
continental floral immigrants mirrors the pat- 
tem seen in the fauna, wlich includes both 
intracontinental (Meniseotherium) and inter- 
continental (hyaenodontid creodont) migrants 
(/4, 27). 

Paleoclimate. Leaf’ margin analysis (LMA) 
(38. 39) of the 23 dicot leaf morphospecics 
from the two localitics yielded a MAT 
estimate of 19.8 — 3.1°C for the PI-TM [the 
error is 1 SD. following Wilf (39)]. his is 
4.9°C higher than the MAT (13.7 1 2.4°C) 
estimated from LMA of floras from the 250-ky 
interval immediately before the PETM in 
the same region and 1.6°€: higher than the 
MAT (18.2 1 2.3°C) for the 400-ky interval 
after the PETM (40). Oxygen isotopic 
composition of biogenic apatite trom the 
Bighorn Basin indicates even higher temper- 
ature during the PETM (26°C) (33). Mod- 
ern riparian and wetland vegetation has a 
higher proportion of toothed species than 
terra firma forest, commonly resulting in 
2.5 to 7°C underestimates of MAT (47, 42). All 
the fossil floras uscd to estimate MAT were 
deposited im fluvial backswamps or chamel 
margins (28); palcotemperature estimates are 
therefore likely to be uniformly low. [low- 
ever, the ~S°€ warming estimated from 
LMA is consistent with isotopic temperature 
estimates. 

We used leaf area analysis (LAA) (43) to 
estimate mean annnal precipitation (MAP) at 
123 cm (the standard error of the rezression is 

177/ 86 em) for the combined PETM flora. 
A different reeression derived from a modem 
data sct with more dry sites (44) yielded an 
MAP estimate of 120 cm. The marked increase 
in leaf size from the lower to the npper PL-TM 
megatlora (figs. $2 and $3) led us to estimate 
MAP scparatcly for cach site. By using the two 
regressions (43, 44) we estumate a MAP of 80 

114 56 cm and 41 cm for the lower flora. 
MAP estimates for the upper flora were 
144. 206! 100 cm and 132 cm. Althongh 
the MAP estimate for the lower flora was 
derived from only six morphospecies. the 
two with the smallest leaves (nanophyll- 
microphyll) are also the most abundant, 
indicating that small-leaved specics were 
local dominants, MAP estimates for the late 
Paleocene in southern Wyoming average 138 
cm (#3), suggesting that rainfall declined by 
~40% near the onset of the PIZTM then re- 
covered to normal values by late in the event. 
A warm, wet climate late in the PIEIM is 
consistent with the exceptionally thick paleo- 
sols preserved from the npper part of the 
event (Fig. 2) (46). 
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Previous studies of the PETM have yielded 
mixed evidence for precipitation change. A 
higher abundance of terrestnal palynomorphs 
and eutrophic dinoflagellates in nearshore 
marine sediments has been cited as evi- 
dence of more runoff and higher precipitation 
(8, 47), as has the greater magnitude of the 
CIE in pedogenic carbonate nodules than 
in marine carbonates (45). In contrast, the 
continental record of the PI-TM in Spain 
suggests a persistently or seasonally dry cli- 
mate (49), and a possible PIT'M section in 
southem England has exceptional amounts 
of fossi] charcoal (5). 

Without wider gcographic coverage, we 
do not know if the short period of dry cli- 
mate we infer at the onset of the PHIM is 
regional or global. However, even if it was 
confined to the northern Rocky Mountain 
region, it could have had an important pos- 
itive feedback on climate by inercasing the 
likehhood of buming in the extensive upper 
Paleocene peats and coals of the Powder 
River Basi (9). 

Conclusion. Whe PII M provides an im- 
portant analog to present-day anthropogenic 
global warming, becanse the two cpisodes 
are inferred to have similar rates and mag- 
nitudes of carbon relcase and climate change 
(6). In this context, it is notable that terres- 
trial floras underwent rapid (within ~ 10 ky). 
individualistic range change during the 
PETM, inelnding both intra- and intercon- 
tmental migration. Plant range changes of 
similar scale may occur with anthropogenic 
climate change. Fossils revealing this dra- 
matic, transicnt, floral response to PHIM 
warming eluded years of focused searching, 
suggesting that other such short-term shifts 
in floral composition remain to be uncovered 
from the “deep time” record of ecological 
change. 
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Obestatin, a Peptide Encoded by 
the Ghrelin Gene, Opposes 
Ghrelin's Effects on Food Intake 


Jian V. Zhang, Pei-Gen Ren, Orna Avsian-Kretchmer, 
Ching-Wei Luo, Rami Rauch, Cynthia Klein, Aaron J. W. Hsueh* 


Ghrelin, a circulating appetite-inducing hormone, is derived from a prohormone 
by posttranslational processing. On the basis of the bioinformatic prediction that 
another peptide also derived from proghrelin exists, we isolated a hormone from 
rat stomach and named it obestatin—a contraction of obese, from the Latin 
“obedere,” meaning to devour, and “statin,” denoting suppression. Contrary to 
the appetite-stimulating effects of ghrelin, treatment of rats with obestatin sup- 
pressed food intake, inhibited jejunal contraction, and decreased body-weight 
gain. Obestatin bound to the orphan G protein-coupled receptor GPR39. Thus, 
two peptide hormones with opposing action in weight regulation are derived 
from the same ghrelin gene. After differential modification, these hormones 


activate distinct receptors. 


The increasing prevalence of obesity is a glob- 
al problem. Body weight is regulated in part by 
peptide hommones produced in the bram or gut 
or both (7). Harlicr studies on synthetic and 
peptdyl growth hormone (GID) secretagogues 
(2 4) led to the identification of a specific Ci 
protein—coupled receptor (GPCR), the GIT 
scerctagogne receptor (CIHSR) (5, 6), and sub- 
sequently to the discovery of its endogenous 
ligand, ghrelin (7), a gut-derived circulating 
hormone that stimulates tood intake (4, 8). 
Human ghrelin, a 28 amino acid pep- 
tide, is denved by posttranslational cleay- 
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age trom a prepropeptide of 117 residues. 
On the basis of bicinformatic searches of 
putative hormones denved from the pre- 
propeptides of known peptide hormones, 
we identified a ghrelin-associated peptide. 
We searched GenBank for orthologs of the 
human ghrelin gene and compared pre- 
proghrelin sequences from 1] manimalian 
species. In addition to the known ghrelin 
mature peptide, which immediatcly follows 
the signal peptide, we identified another 
conserved region that was flanked by po- 
tential convertase cleavage sites (fig. $1, 
underlined). Uhis region encodes a putative 
23-amino acid peptide, with a flanking 
conserved glycine residue at the € termi- 
nus, suggesting that it might be amidated 
(¥). We named this ghrelin-associated pep- 
tide obestatin. 
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Characterization of endogenous 
obestatin. To detect endogenous obestatin, 
we prepared a synthetic ohestatin peptide and 
performed radiommunoussays on mit-fissue ex- 
tracts with obestatin-spocific antibodics. As 
shown in Fig. LA, the stomach extract displaced 
1'25-obestatin binding to the obestatin antiboclics. 
Obestatin-lke activities from stomach extracts 
were purificd Immunoreactive (ir) obestatin was 
eluted in a Sephadex G-30 gel permeation col- 
umn (Amersham Bioscicnees, Piscataway. 
NJ} with estimated sizes of 2.6 and 1.3 kilo- 
daltons (k1>), distinct from the clution position 
of mature ghrelin (Fig, 1B). We subjected peak 
1 (2.6 kD) fractions to ion-exchange fast protein 
liquid chromatography (FPLC). A single peak 
of ir obestatin was cluted (Fig. 1C) and shown 
by mass spectrometry and Edman sequenc- 
ing to contain a peptide with a molcenlar mass 
of 2516.3 (Fig. 1D) and with a sequence of 
FNAPFDYGIKLSGAQYQQIG-XX (/0). Com- 
bined with moleculn-weizht detemmination, the 
tull sequence of the punitied peptide was predicted 
to be FNAPFDOVOIKLSGAQY QOHGRAL- 
NIL, consistent with the obestutin sequence de- 
duced from rat ghrelin clNA. [n addition, 
mass spectrometric analyses suggested that 
peak 2 (1.5 kl>) represented the last 13 resi- 
dues of amidated obestatin, indicating further 
processing. 

To investigate differential secretion of 
ghrelin and obestatin in vive, we fasted adult 
male rats for 48 hours before reteeding, Con- 
sistent with carlicr findings (7/), fasting led to a 
major increase in serum ghrelm levels, whereas 
subsequent refeeding for 2 hours by allow- 
ing anmmals tree access to food or dminking 
water containing dextrose decreased circulat- 
ing ghrelin (Fig. 1E). In contrast, serum levels 
of obestatin determined by a radioimmunoassay 
were constant in the different treatment groups. 
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Fig. 1. Characteriza- A 
tion of endogenous 
obestatin. (A) Competi- 
tion of 1'4-obestatin 
binding to obestatin 
antibodies by tissue 
extracts. 1'*5-obestatin 
was incubated with 
obestatin antibodies 
with or without differ- 
ent dilutions of tissue 
extracts and the obestatin 
standard pg, picograms 
of; B, bound; Bo, total e4 ; : 
bound. (B) Gel perme é «sh « 
ation chromatography of 
obestatin in stomach 

extracts, Stomach tissues 

from 30 rats were ex- 

tracted and eluted from 

a Sep-Pak C-18 column B 
before they were loaded 
onto a Sephadex G-50 
column. The column 
was calibrated with 
blue dextran (v,,), cyto- 
chrome ¢ (cc), and po- 
tassium chromate (v,). 
Peak 1, detected by 
obestatin antibodies, 
represents the putative 
obestatin peptide, and 
peak 2 represents an 
obestatin fragment. (C) 
lon exchange FPLC 
analysis of peak 1 frac- 
tions monitored by the 
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obestatin immuno- 
assay. (D) Peptide 
mapping using mass 
spectrometry and the 


predicted amino acid sequence of rat obestatin. m, mass; z, charge. (E) Serum 
levels of ghrelin and obestatin during fasting and refeeding. Adult male rats (n — 
5 animals per group) were fasted for 2 days. After fasting, some animals were 


Obestatin suppression of food in- 
take and gastrointestinal functions. We 
next synthesized amidated human obestatin 
and tested its effect on food intake in adult 
male mice. Intraperitoncal injection of 
obestatin suppressed food intake in a time- 
and dose-dependent manner (Fig. 2A). 
Intracerebroventricular treatment with obe- 
statin also decreased food intake (Fig. 2B), 
similar to the anorexigenic effect of the 
synthetic melanocortin agonists MUI (72). 
[In contrast, treatment with the nonami- 
dated obestatin (NA-obestatm) was less ef: 
fective. We also investigated the cffoct of 
obestatin, ghrelin, or vehicle alone on body 
weight in adult male rats. ‘Treatment with 
ghrelin (1 umol per kz body weight, three 
times daily) increased body weight, where- 
as the same dose of obestatin suppressed 
body-weight gain (Fig. 2°). Serum leptin 
levels were not affected after treatment with 
either obestatin or ghrelin (fig. $2), sug- 
gestng minimal modulation of body-fat 
content. Furthermore, treatment with obc- 
statin led to a sustained suppression of gas- 
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Fraction number 


Error bars are mean 


tric emptying activity (Fig. 219). In vitro, 
isometric force measurement demonstrated 
that obestatin treatment decreased the con- 
tractile activity of jejunum muscle stnps 
and antagonized the stinmlatory cffect of 
vhrelin (Fig. 2E) (73). The observed inhi- 
hition of jejunal contraction may trigger an 
afferent vagus signal to induce a central 
saticty response. Unlike ghrelin, obestatin 
did not increase (7H sceretion by cultured rat 
pituitary cells (fig. $3). 

Obestatin is the cognate ligand for 
GPR39. Iixpcriments with crude plasma- 
membrane preparation of rat jejunum re- 
vealed that I'?*-obestatin bound to jejunal 
preparations with a high affinity (disso- 
clation constant K, = 4 nM), and this bind- 
ing was not competed by ghrelin, motilin, 
neurotensin, or neuromedin U (fig. $4). 
Furthermore, NA-obestatin and truncated 
(des1-10)obestatin showed a lower binding 
affinity than did obestatin. [425-obestatin also 
bound to the pituitary, stomach, ileum, and 
hypothalamns. but Iess so to other tissucs 
(tig. 54). 
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allowed access to food, dextrose solution, or water for 2 hours before the 
amount of serum hormone was determined using specific radioimmunoassays. 
SEM. 


We hypothesized that obestatin inter- 
acts with an orphan GPCR, and we tested 
obestatin binding to Chinese hamster ovary 
(CIIO) cells transtected with ~30 individ- 
ual orphan recepter clNAs. ['75-obestatin 
interacted with high affinity (KX, = 1 1M) 
to the orphan receptor GPR39, which he- 
longs to the ghrelin receptor subfamily (Fig. 
3A) (74, #3). ('79-obestatin binding to GPR39 
was competed by obestatin but not by ghrelin 
or several other brain‘gnt hormones includ- 
ing motilin, neurotensin, or nenromedin U 
(Fig. 3B). In addition, NA-obestatin and 
truncated (desl-l0)obestatin had a lower 
affinity for GPR39 than did obestatin. In 
CHO eclls overexpressing GPR39_ treatment 
with obestatin stimulated cyclic adenosine 
monophosphate (cAMP) production, where- 
as treatment with ghrelin or motilin was 
ineffective (Fig. 3€). Consistent with the 
reported activation of the serum response el- 
ement (SRL) by constitutive active GPR39 
(24), hormonal treatment of CIIO cells co- 
transfected with CiPR39 and a SRE promoter- 
luciferase construct led to obestatin but not 
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Fig. 2. Regulation of gastrointestinal functions 
by obestatin. (A) Suppression of cumulative food 
intake after intraperitoneal treatment with 
obestatin, NA-obestatin, and/or ghrelin. The 
upper panel shows treatment with different 
peptides at 1 umol per kg body weight; the 
lower panel shows dose response at 5 hours 
after treatment. Mice injected with urocortin 
served as positive controls. (B) Suppression of 
cumulative food intake after intracerebroven- 
tricular injection of obestatin. Peptides were 
injected at 8 nmol per kg body weight. Mice 
injected with MTII served as positive controls. 
(C) Treatment with obestatin suppressed body- 
weight gain. (D) Suppression of gastric emptying 
activity by obestatin. The upper panel shows 
treatment with different peptides at 1 Lumol per 
kg body weight; the lower panel shows dose- 
response relationship at 2 hours after treatment. 
(E) Treatment with obestatin suppressed the 
contractile activity of jejunum muscle strips and 
the stimulatory effect of ghrelin. Representative 
tracing (upper panel) and percentage of maxi- 
mal responses (lower panel) are shown. Asterisks 
indicate P <: 0.05 versus controls (C). Differences 
between treatment groups were analyzed using 
analysis of variance and Student's f-test. 


ghrelin or motilin signaling (Fig. 3D). Sim- 
ilar stinvulation of cAMP production and the 
SRE promoter by obestatin was found when 
GPR39 was overexpressed in HEK2931 cells 
{fig. $5). Although CIIO cells expressing 
GIISR did not respond to treatment with 
obestatin or ghrelin, cotransfection with a 
chimeric Gsq protein, which is capable of 
switching Gq-mediated signaling to Gs pro- 
teins (76), led to cAMP increases induced by 
ghrelin but not obestatin (Fig. 31). Likewise, 
cells expressing the Gsq proteim and the 
motilin receptor responded to treatment with 
motilin but not obestatin (Fig. 3F). Cross- 
linking studies further demonstrated that 
T'*5-obestatin bound to recombinant GPR39, 
forming a high molcenlaraycight complex 
(tig. $6). Real-time reverse-transcription poly- 
merase chain reaction (RT-PCR) analyses 
indicated that GPR39 is expressed in the 
jejunum, duodenum, stomach, pituitary, ile- 
um, liver, hypothalamus, and other tissues 
(Fig. 31), consistent with obestatin binding 
studies, 

Discussion. Cihrelin is implicated in 
meal initiation and bady-weight regulation. 
Chronic ghrelin administration increases 
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food intake and decreases energy expend- 
iturc, thus causing weight gain. In contrast to 
ghrelin, which causes hyperphagia and obe- 
sity in rats (/7), obestatin appears to act as 
an anorexic hormone by decreasing food 
intake, gastric emptying activities, jejunal 
motility, and body-weight gain. Mutant 
mice with a deletion of the ghrelin gene 
did not show impaired growth or appetite 
(6, 78), most likely because these animals 
lacked both orexigenic ghrelin and ano- 
Texic obestatin. Indeed, transgenic mice 
bearing the preproghrelin gene under the 
control of the chicken B-actin promoter 
prodneed high levels of inactive des-acyl 
ghrelin but exhibited lower body weights 
(#9), most likely duc to excessive obestatin 
biosynthesis. 

The discovery of amidated obcestatin 
and its cognate receptor underscores the 
powcr of comparative genomic analyses in 
the postgenomic era. A peptide derived 
from the 66 €-terminal amino acids of 
proghrelin, named C-ghrelin, was detected 
in human circulation, and its scrum levels 
were elevated in patients with heart failure 
(20). Although the antibodies used to de- 
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tect C-ghrelin overlap with obestatin by 13 
residucs, the cxact chemical nature and 
function of the circulatmg €-zhrelin remain 
unclear. 

Our finding that two peptide hormones 
derived from the same proprotein act 
through distinct receptors and exert op- 
posing physiological actions highlights the 
importance of posttranslational regulatory 
mechanisms. Thus, monitoring of ghrelin 
transcript levels does not accurately reflect 
the secretion of these two polypeptides. 
After removal of the signal peptides from 
prepropeptides, convertases cleave prohor- 
mones at mono- or dibasic residnes (27). In 
processed peptides with a C-terminal gly- 
cine, the residuc is further amidated (9). 
Similar to the importance of posttramsla- 
tional amidation for obestatin bioactivity, 
ghrelin also requires acylation on its serine- 
3 residuc for bioactivity (7). 

Ghrelin binds to GIISR, which belongs 
to the subgroup of type A GPCRs consist- 
ing of GPR39 and receptors for ghrelin and 
motilin (22). Our discovery that ohestatin is 
the coznate ligand for GPR39 suggests that 
CrHSR and GPR39 conld have cvolved from 


www.sciencemag.org 


A total D 4 = 
g 12000 5 S menmealle 26 3 obestatin 
a ae 003 a2 
BE 8000 + : 002 > 2 
= y-*— & i 
4 001 
saad | i 35" — 
= 0 # : : 0.005 001 002 OM 0.08 0 
Bound, pmot 0 1 3 10 30 
ok 4 € 8 peptide, nM 
B *25|-obestatin, nM E 
10000 = 20 
} we —_—— 2 3 
anes! — Reursisedlh w 5, 
& \Srobestatin a 
= 4000 (des1-10)obestatin : 
FS 2000 - - 
— 
ote r . 
0 10 4 8 7 4 
Peptide, log(M] 
c GPR39 F = 120 
120 E | 
E +— in 3 80 4 
80 fo | 
1 ) E 
5 40 : 40 4 
o— one | 
0 : o*—> —_— ra it 
0 03 1 3. 610 «630 «(100 : : i : 5 i 
peptide, nM 
G 
c 0.015 
3 
a 0.01 
3 0.005 
o 
18) 
ES FSF BSS F e S$ ¢ e AS & 
Y "id QP $ s rs) 
s 


a common ancestor but diverged in their 
functions, thus maintaining a delicate bal- 
ance of body-weight regulation. This scenario 
is similar to the divergent and sometimes op- 
posing actions of two paralogous corticotropin- 
releasing hormone receptors and their ligands 
in the regulation of adaptive stress responses 
(23 25). 

In addition to roles in meal initiation, 
weight regulation, and gastrointestinal ac- 
tivity, ghrelin also regulates the pituitary 
hormone axis, carbohydrate metabolism, 
and vanous functions of the heart, kidney, 
panereas, adipose tissues, and gonads (26). 
Because ghrelin mRNA was found in al- 
most all] human tissucs analyzed (27), the 
identification of obestatin derived from the 
same gene product as ghrelin provides a basis 
for future elucidation of the differential 
posttranslational processing and modifica- 
tion of these two peptides. A better un- 
derstanding of the roles of ghrelin and 
obestatin in the intncate balance of enerey 
homeostasis and body-weight control may be 
essential for the successful treatment of 
obesity. 
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production in cells transfected with the motilin 
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A Thiolate-Ligated Nonheme 
Oxoiron(IV) Complex Relevant to 
Cytochrome P450 


Michael R. Bukowski,’* Kevin D. Koehntop, '+ Audria Stubna,” 
Emile L. Bominaar,” Jason A. Halfen,?{ Eckard Miinck,?= 
Wonwoo Nam,‘ Lawrence Que yes 


Thiolate-ligated oxciron(IV) centers are postulated to be the key oxidants in 
the catalytic cycles of oxygen-activating cytochrome P450 and related en- 
zymes. Despite considerable synthetic efforts, chemists have not succeeded in 
preparing an appropriate model complex. Here we report the synthesis and 
spectroscopic characterization of [Fe'¥(O)(TMCS)]- where TMCS is a pen- 


tadentate ligand that provides a square pyramidal N,,(SR) 


apical Where SR is 


thiolate, ligand environment about the iron center, which is similar to that of 
cytochrome P450. The rigidity of the ligand framework stabilizes the thiolate 
in an oxidizing environment. Reactivity studies suggest that thiolate 
coordination favors hydrogen-atom abstraction chemistry over oxygen-atom 
transfer pathways in the presence of reducing substrates. 


Thiolate-ligated oxoion(TV) centers are thought 
to be the key oxidants in the catalytic cycles 
of oxygen-activating iron enzymes, such as 
cytochrome P450 (P450) (7. 2), NO syn- 
thase (NOS) (3), and isopenicillin N synthase 
(4). Because of the physiological importance 
of the heme-containmye P450 and NOS, 
many biophysical and computational studics 
have sought to elucidate the nature of the 
oxidizing specics compounds [ and I, which 
conespond, respectively, to Intenmediates with 
formal iron-oxidation states two and one ahove 
the resting won{TI) state (2, 3, 5-7). Tlowever, 
these studies have not yet provided conclusive 
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evidence for the presence of thiolate-Lgated 
oxoiron([¥) species in the reaction cycles. For 
over 30 years, small-molecule complexes syn- 
thesized as active-site modcls have advaneed 
our understanding of the P450 evecle (8 9); 
despite these cfforts, the synthesis of an 
oxoiron( TY) porphyrin complex with a thiolate 
ligand has not yet been achicved. 

A central question in these systems 1s how 
eystcinate coordination might influcnee the 
reactivity of the oxoiron(I[V) unit. Because of 
the absence of a confining pocket of the pro- 
tein, it is very difficult to lock a thiolate lg- 
and into a geometry that affords adequate 
stability in an oxidizing environment, be- 
cause the sulfmr center is generally at least as 
susceptible as the on center to oxidative 
attack. Keeently, [Fe"'(TMCS)](PF,) (Scheme 
1, complex 1) (where TMCS is a monounion 
of 1-merecaptocthyl-4.8, 1 1-trimethyl-1,4.8.11- 
tetraaza cyclotetradecane), a nonheme ion 
complex with a square pyramidal N_(SR),, 4) 
ligand set, was synthesized in one of our lab- 
oratories as a mode] for the iron(I[) active site 
of superoxide reductase (7). We reasoned 
that this framework may be sufficiently nuid 
to support the coordination of the pendant 
thiolate to the von center trans to an oxo 
group. he synthesis of such a complex (2) 
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SN ON, SonclonD> Socios 
N—FEON ‘cc ea 
Say \ ‘i \ / r \ 
S S NCMe 
1 3 
Scheme 1. 
11 NOVEMBER 2005 VOL 310 SCIENCE 


is reported here. Morcover. an analogous con 
plex, 3, im which the pendant mercaptoethy] 
group is replaced by methyl, forms a stable 
oxolron([V) complex that has been charac- 
terized crystallographically (7/). Complex 3 
functions as an ideal contrel from which to 
infer the precise impact of thiolate coordina- 
tion on the structure and reactivity of the 
oxoiron(1¥) unit in 2. 

The reaction of L with 3 to 3 equivalents 
of H,0, at 60°C in methanol clicits the 
formation of a deep blue complex 2, with 
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Fig. 1. Electronic spectral changes in the con- 
version of 1.04 mM 1 (dashed line) to 2 (solid 
line) in methanol at 40°C by the addition of 
one equivalent mCPBA in the presence of 6 
equivalents of potassium tert-butoxide, 


Absorption (%) 


Velocity (mm/s) 


Fig. 2. Méssbauer spectra of a frozen methanol 
solution of 2 recorded at temperatures and 
applied fields indicated. Spectral simulations are 
based on Eq. 1 using the parameters listed in 
Table 1. Spectra were simulated in the slow (at 
4.2 K) and fast (for T > 30 K) spin fluctuation 
limit. The applied field was directed parallel to 
the observed y-radiation. The doublet drawn 
above the topmost experimental spectrum (0 T, 
4 K) represents a 7% contribution from a 
residual amount of 1 in the sample of 2. 
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intense visible absorption features at 460 and 
570 nm and weaker near-infrared (IR) bands 
at 830 and 1050 nm (Fig. 1). Although this 
specics is quite stable at 60°C, it decays at 
higher temperature with all four bands de- 
creasing at the same rate. The features in the 
near-IR revion resemble those observed for 
recently identified nonheme oxoiron(lV) 
complexes {//—/3), cluding 3, which cor- 
respond to d-d transitions of an S — 1 metal 
center (where Sis the spin quantum number) 
(74). Initial Méssbaner studics confirmed the 
formation of an iron([V) complex (see below), 


but with only 40% yield. [lowever, in subsequent 
experiments, 2 could be generated with greater 
than 90% yield by using one equivalent of 
m-chloroperbenzoic acid (mCPBA) as oxi- 
dant in the presence of excess base, Ihgh- 
resolution clectrospray mass spectral studics 
of 2 revealed only one prominent ion at a 
mass‘charge (m/z) ratio of 373.1724, with a 
mass value that corresponds exactly with its 
formulation as [Fe(O)(TMCS)]* (fig. $1). 
Figure 2 shows Méssbauer spectra of 
**Fe-enriched complex 2 recorded at 4.2, 
35, and 100 K in applied maynetic fields as 


Table 1. Experimental (exp) and calculated (calcd) parameters for 2 and 3. Numbers in parentheses 
indicate the error in the last significant digit nd, no data; n, asymmetry parameter of the electric field 


gradient {EFG) tensor; r, bond distance. 


Complex ea 1 &D BAe Neste 
2{exp)  35(3) 0 -28(2),-22(2),-5(2) 
2 {calcd} 36 «9nd -23.3*, -22.2*, -4.8* 
3 {exp) 28 0 -25, -20, -3 

3 {calcd 27 nd -20.5, -20.1,-43 


AEG P 5 Treo Fen fees 
{mm/s} 1 (mm/s) {A} {A) (A) 
-0.22{2)t =Of 0.19(1) 170} 209f 233} 
—0.37t 0.67 6.20 1.68 2.13 2.39 
1.23 65 0.17 = 1.646§$ 2.098 - 
125 0.1 0.175 1.64 2.10 - 


*Sum of the calculated spin-dipolar contribution (traceless} and the experimental value for the isotropic contribution, 


Aid Irby ~ ~16.8 TAQ TA, OA 5 A). 


+The ZFS and A tensor are essentially axial, with z within & degrees 


along the Fe-O axis according to DFT calculations (22). The experimental EFG tensor is axial, with the major component 
anywhere in the xy plane, which is roughly the plane defined by the four N ligands; AF, < 0, We have quoted AE, and 1 in 
the conventional way, Le, in a coordinate system for which 0 < 1)< 1. The major component of the calculated EFG is also 
§See (77). 


in the xy plane, 
recently reported similar values for 3. 


Fig. 3. r-space and k- 
space (inset) EXAFS data 
for 2 obtained in frozen 
methanol solution. Exper- 
imental data (dotted line) 
and fits to the data (solid 
line} are shown. Fourier 
transform (FT) range (k): 2 
to 15.07 A | {0.12 A reso- 
lution), Back-transformation 
range (r}: 0.77 to 3.18 A. 
See table $1 for a sum- 
mary of the fitting proto- 
col, Best fit shown consists 
of 1 Oat 1.70(2) A, 3 N/O 


FT Magnitude 


{This work, from EXAFS analysis (table 51}, 


ISchéneboom et at. (26) have 


at 2.09(2) A, 1 S at 2.33(2) A, and 4 C at 2.95(2) A. 


Fig. 4. Geometry optimized struc- 
ture of 2 based on DFT calculations 
(22). Black, carbon; red, oxygen; 
yellow, sulfur; purple, iron; and 
blue, nitrogen. 
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indicated. In zero field, 2 exlubits a doublet 
(accounting for ~93% of the total Fe) with 
quadrupole splitting AZ,, = 0.22 mm/s and 
isomer shift 6 — 0.19 mms (relative to Fe 
metal at 298 K). The remainder of the iron 
gives risc to a doublet that is attributable to 
starting material 1 (AE, = 3.0 mm/s and 6 = 
0.90 mnv’sj. The applied ficld spectra show 
that 2 is an integer spin paramagnet, with 
parancters similar to those of 3 (77). The 6 
value of 2 is only shehtly larger than that of 
3 (8 -— 0.17 mm/s). Thus, although the 6 
value supports the assignment of 2 as an 
iron{T¥) complex, it cannot be used to es- 
tablish thiolate coordination to the § - | 
Fe'’=O state. [In contrast, thiolate ligation 
strongly affects 4 in the high-spin iron(ID 
state (75).] Tlowever, the effect of thiolate 
binding to the oxeiron{I¥) center is man- 
ifested in the much smaller AF, of 2 relative 
to that of 3. . 

The spectra of Fig. 2, together with data 
obtained at different temperatures and ap- 
pled fields, were simulated with the $= | 
spin Hamiltonian 


ff — {S82 — 2/3) | HOS? — SB) | 
2BBS SAT — wBeBI | fg 
(1) 


where H,, describes the quadrupole interac- 
tions, #2 and # represent the zcro-ficld splitting 
(ZFS) parameters, A is the magnetic hypertine 
tensor, Tis the nuclear spin operator, B is the 
maenetic field, 6 is the Bohr maymeton, and 
ByPs- is the muclear gyromagnetic ratio. For the 
simulations, we kept all tensors in the same 
principal axis frame. hese values are summar- 
ized in Table 1 and ave compared with those 
reported previously for 3. 

XGray absorption spectroscopy experiments 
offered further insight into the structure of 2. 
This complex gives nse to a sharp pre-edge 
feature with an area of 18(2) arbitrary units 
(AU), where the number in parentheses in- 
dicates the uncertainty in the last significant 
digit (/6). This feature arises from 1s-to-3d 
transitions, the intensities of which reflect de- 
viations of the metal center from centrosym- 
metry (17). Other S = 1 oxoiron([V) complexes 
have been found to show similarly intense pre- 
edge features, with areas ranging from 24 to 32 
AU (/8). The smaller value associated with 2 
relative to that of 3 (30 AU) presumably re- 
flects differences in bonding that may be at- 
tributed to the stronger o and x donating 
properties of the thiolate group in 2 relative to 
the more m-acidic NCCH, ligand in 3. 

The extended x-ray absorption fine structure 
(EXAFS) data for 2 can be fit well with the 
following scatterers: | O at 1.70(2) A, 3 N/O at 
2.09(2) A, 1 S at 2.33(2) A, and 4 C at 2.95(2) A 
(Fig. 3 and table $1), revealing an iron cen- 
ter with both an oxo and a thiolate ligand. 
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Coordination of the axial thiolate lengthens 
the Fe-© bond slightly in 2 relative to that 
found in the crystallographically characterized 
3. but it docs not affect the average Ke N 
distance (Table 1). The Fe—S distance tound in 
2 is intermediate hetween that of its precurser 
complex 1 [2.297(3) A] (20) and that deter- 
mined by EXAFS for chloropcroxidase com- 
pound II (2.37 A) (29), but is significantly 
shorter than the Fe S bonds computed for 
cytochrome P4350 compounds I (2.6 A) and II 
(2.5 Aj (20, 24). The shorter Fe § bond ob- 
served for 2 may retlect the higher effective 
charge of the iron center because of its un- 
charged cquatorial N, ligand sct. Complex 2 
has Fe=O and Fe-S bond lengths that close- 
ly match those of a putative P450  inter- 
mediate produced by cryophotoreduction of 
oxyP450 erystals, as deduced from its 1.9 A 
resolution crystal structure (3). 

‘lo gain further insight into the clectronic 
structure of 2, we performed density func- 
tional theory (DET) calculations (22). [n the 
lowest-energy calculated structure (Fig. 4 and 
‘Table 1), the lengthening of the Fe—O bond to 
1.68 A, relative to that in 3, is in excellent 
agreement with the EXAFS analysis. he 
m-basic thiolate ligand donates electron den- 
sity to the iron([¥) center and competes with 
the oxo group for the metal d_ orbitals, there- 
by weakening the Fe—O bond. [n contrast, the 
m-acidic MeCN ligand in 3 has a backbond- 
ing interaction with the iren([V) center that 
strengthens the Fe=O bond. The very large 
zero-ficld splitting (AFS) of 2 results pre- 
dominantly trom spin-orbit mixing between 
the §— 1 ground state and a very low lying 
S = 2 manifold (22) at lower energy (=2000 
em 1) than in 3 (= 3000 cm '), facilitating 
a stronger interaction. 

‘The introduction of the thiolate ligand not 
only affects the electromic properties of the 
oxoiron([¥) anit but also has a dramatic cffoct 
on its reactivity. At 40°C, both 2 and 3 have 
extended lifetinics of days for 2 in MeOH and 
weeks for 3 in MeCN (/2). Complex 3 reacts 
readily with PPh, by oxo-atom transfer to 
form OPPh, and regenerate its iron(II) pre- 
cursor (77), but it is inert toward dihydro- 
anthracene, a hydrocarbon that typically 
undergoes facile hydrogen-atom abstraction. 
{n contrast, 2 docs not react at all with PPh, 
but reacts with even one equivalent of 
dihydroanthrasene in under an hour. For the 
latter reaction, 2 undergoes a one-electron re- 
duction to a red species (maximum wavelength 
eum = 314 mm; molar absorptivity e€ = 1400 
M7tem71) (fig. $2) that exhibits a prominent 
electrospray lonization mass spectroscopy 
(ESI-MS) ion at sts — 388.1944. corre- 
sponding to [Fe(TMCS}OMe)]-. We postu- 
late that 2 decays by abstracting a hydrogen 
atom from dihydroanthracene to form 
[EeHcrMCS)(OH3] , which readily converts to 
[Fe"(IMCSOMe)|+ in MeOIL 
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Thus, the introduction of the axial thiolate 
converts the Fe!¥—€) nnit from being an oxo- 
atom transter agent (two-electron oxidant) 
into a hydrogen-atom abstraction agent 
{one-electron oxidant). This switching effect 
of the axial thiolate on the reactivity of the 
oxolron([V) umit is much more dramatic than 
was previously reported for other axial ligand 
substitutions on the [Fe(O}TMC)] trame- 
work (23, 24), as well as for those associated 
with oxoion{[¥) porphyrim cation radical 
complexes (25). Understanding this switch 
will require further expenmental and compu- 
tational work. Tlowever the unusual effect of 
the thiolate ligand may provide a compelling 
rationale for nature’s use of the O = Fe'Y-SR 
motif in key metabolic transformations that 
involve the activation of strong C-IT bonds. 


References and Notes 

1. B. Meunier, S. P. de Visser, S. Shaik, Cherm. Rev. 104, 
3947 (2004). 

2. |. G. Denisov, T. M. Makris, S. G. Sligar, |. Schlichting, 
Chem. Rev. 105, 2253 (2005). 

3. D. J. Stuehr, Biochim. Biophys. Acta 1411, 217 (1999). 
4, M. Costas, M. P, Mehn, M. P. Jensen, L. Que Jr, Chem, 

Rev. 104, 939 (2004). 

. L Schlichting et af., Science 287, 1615 (2000). 

. R. Davydov et al., {, Am. Chem. Sac, 123, 1403 (2001). 

. §. Shaik, D. Kumar, §. P. de Visser, A. Altun, W. Thiel, 

Chem. Rev, 105, 2279 (2005). 

8. J. T. Groves, in Cytochrome P450: Structure, Mech- 
anism, and Biochemistry, P. R. Ortiz de Montellano, 
Ed. (Kluwer Academic/Plenum Publishers, New York, 
2005), pp. 1-43. 

9, F, Tani, M, Matsu-ura, S, Nakayama, Y. Naruta, 
Coord. Chem, Rev. 226, 219 (2002). 

10. A. T. Fiedler, H. L. Halfen, |. A. Halfen, T. C. Brunold, 
Jj. Am. Chem. Sac. 127, 1675 (2005). 

11. J.-U. Rohde et af., Science 299, 1037 (2003). 

12. M.H. Lim et af, Proc. Natl. Acad. Sci. tL S.4. 100, 
3665 (2003). 

13. J. Kaizer et af., }. Am. Chem. Soc. 126, 472 (2004). 

14. A. Decker, J.-U. Rohde, L. Que Jr. E. |. Solomon, }. Am. 
Chem. Soc. 126, 5378 (2004). 


NOM 


15. P.G.Debrunner, in fron Porphyrins, B. Lever, H. B. Gray, 
Eds, (¥CH, New York, 1989}, vol. Ill, pp. 137-234. 

16. The pre-edge area is a background-ratioed absoprtion 
and thus reported in arbitrary units. See (78) for further 
details and comparison, 

17. TLE. Westre et af., {. Am. Chem. Soc. 119, 6297 (1997). 

18. |.-U. Rohde et af, f, Am. Chem. Soc. 126, 16750 
(2004). 

19. M.T. Green, J. H. Dawson, H. B. Gray, Science 304, 
1653 (2004). 

20. J.C. Schéneboom et al., J. Am. Chem. Sac. 124, 8142 
(2002). 

21, F. Ogliaro, S. P, de Visser, S. Shaik, J. frerg. Biochem. 
91, 554 (2002). 

22. Materials and methods are available as supporting 
material on Science Online. 

23. J.-U. Rohde, L. Que Jr, Angew. Chem. int. Ed. 44, 
2255 {2005}. 

24. C. ¥. Sastri et al. J. Am. Chem. Soc. 127, 12494 
(2005). 

25. W. Nam etal., Angew. Chem. Int. Ed, 39, 3646 (2000), 

26. |. C. Schéneboom, F. Neese, W. Thiel, f. Aen. Chem. 
Soc. 127, 5840 (2005). 

27. This work was supported by NIH grants GM-33162 
to L.Q., EB-001475 to E.M. and a predoctoral 
traineeship to K.D.K. under training grant T32 GM- 
08700; by NSF grant CHE-0243951 to J.A.H. and 
graduate research fellowship to AS; and by the 
Ministry of Science and Technology of Korea through 
the Creative Research Initiative Program to W.N. 
|.A.H. acknowledges the support of NSF/Research 
Site for Educators in Chemistry grant CHE-0113894 
during his sabbatical at the University of Minnesota. 
X-ray absorption spectroscopy data were collected 
on beam line 7-3 at the Stanford Synchrotron 
Radiation Laboratory, which is supported by the 
U.S. Department of Energy and the NIH Research 
Resource program. 


Supporting Online Material 

wow sciencemag.org/cpi/content/full/1119092/DC1 
Materials and Methods 

Figs. $1 and S2 

Tables $1 to $4 

References 


19 August 2005; accepted 11 October 2005 
Published online 27 October 2005; 
10.1126/science.1119092 

Include this information when citing this paper. 


Direct Visualization of the 
Formation of Single-Molecule 
Conjugated Copolymers 


Hiroshi Sakaguchi, '** Hisashi Matsumura, ' Hui Gong,’ 
Abdelkarim M, Abouelwafa"™ 


Electrochemical polymerization of two different kinds of thiophene monomers 
on an iodine-covered gold surface created highly assembled conjugated co- 
polymers with different electronic structures. A scanning tunneling microscope 
revealed images of several linkage types: diblock, triblock, and multiblock. The 
single strand of conjugated copolymers exhibited an anomalous swinging motion 
on the surface. This technique presents the possibility of understanding the 
copolymerization process from the different monomers on the single-molecular 
scale and of building single-molecule superlattices on a surface through con- 


trolled electropolymerization. 


Conjugated copolymers (7, 2), which combine 
different kinds of molecules with m-clectron net- 
works, have useful conductivity properties that can 
be exploited in deviees such as ficld cffect tran- 
sistors (3). Tlowever, the lmuted solubility of these 


materials has obscured details of the polymeniza- 
tion process. For example, docs polymerization 
proceed in blocks or is it random? Visualiza- 
tion of conjugated copolymers on the single- 
molecular scale can address these questions. 


www. sciencemag.org 


Manipulated reactions (induced by a scan- 
ning probe microscope tip) on surfaces have been 
demonstrated, such as one-dimensional chain 
polymerization of diacetylene into polydiacety- 
lene (4), the coupling reaction of iodobenzene 
into the biphenyl (5), K atom doping into C,, 
molecules (6), and the connection of two dif- 
ferent dendronized polymers by ultraviolet 
light irradiation (7). Applications of the electro- 
chemical technique to solutions containing dif- 
ferent kinds of monomers or mixed solutions 
provide a new approach for the production of 
single-molecule heterowires on surfaces. 

Heterojunctions of synthetic conjugated co- 
polymers (8) and synthetic conjugated oli- 
gomers (9, /0) have been imaged, but clear 
visualization of the connection of different 
single-molecule wires is difficult unless the 
polymers are highly ordered on the surfaces. 
Here, we used electrochemical epitaxial poly- 
merization (ECEP) to synthesize conjugated 
copolymers on surfaces so that polymeriza- 
tion could be imaged on the single-molecular 
scale. 

Conjugated polymers can be assembled on a 
metal surface by means of ECEP with control of 
the molecule’s length, density, and propagation 
direction (//). In this technique, voltage pulses 
are applied to monomers in an electrolyte 
solution on an iodine-covered gold substrate 
{I-An(111)] (72). Two steps are crucial: (1) 
nucleus formation, in which the oligomers 
produced in solution adsorb on the I-An(]11), 
and (a) stepwise polymenation such that the 
monomer’s cation radicals react with the nucleus 
to form wires that propazate along the surface’s 
iodinc-atom lattice. [he iodinc-covered surface 
acts as an adhesive that binds the polythiophene 
wires. lwo kinds of polythiophencs were used as 
components for create heterowires and were 
characterized independently with scanning tun- 
neling microscopy (STM) (72). All STM images 
were taken at a tip bias of 0.2 V with a constant 
current of 5 pA. Two kinds of thiophene mono- 
mers were used as building blocks to create 
heterowires (Fig. 1, B and E): 3-octyloxy- 
4-methylthiophene (C8OMT) (73) and 3- 
octyl-4-methylthiophene (C8MT) (24). Cyclic 
voltammogram (/2) shows that the oxygen 
atom that is directly bonded to the thiophene 
moicty in CROML affords a lower oxidation 
potential by 0.4 V relative to CSMT (fig. S1). 

Application of the [CIP technique at a given 
condition to the CROMT monomer (Fig. 1A) 
produced linear polythiophene arrays on the 
(-An(111) with a maximum length of 100 nm 
and a height of 3.0 to 3.5 A, as measured with 
STM (Fig. 1, B to D). The C8MT-polymer 
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Fig. 1. (A) Experimental set-up of ECEP to produce the monopolymer wires, showing working 
(WE), reference (RE), and counter electrodes (CE). (B and C) STM images of C3OMT-polymer wires 
made by applying 35 pulses (1.2 V, 150 ms) to the |-Au(111) substrate in the C8OMT (10 mM)— 
NBu, PF, (0.1 M) dichloromethane solution. The inset depicts the C8OMT chernical structure. (D) 
Cross section of line shown in (C). (E and F) STM images of C8MT-polymer wires made by 
applying 150 pulses (1.4 V, 150 ms) to the |-Au{111) substrate in the CSMT (10 mM)—NBu,,PF 

(0.1 M) solution. (G) Cross section of the line shown in (F). (H}) Two-dimensional FFT image of 
{F) (inset) and its cross section. {I} Proposed structure of C8MT polymer on the surface. Yellow 
circles correspond to center of dots shown in the STM images. 


wires were also produced at different [CP 
conditions with a maximum Jenvth of 30 nm and 
a height of 1.5 to 2.0 A (Fig. 1. E to G). In 
marked contrast to the C8OMT-polymer wires, 
the €8Ml-polymer wires appeared in SUM 
imaves as a connection of tny dots, which were 
spaced at 11.5 A (Fig. 1, to G). We observed 
that isolated smgle polymers of C8OMT and 
CS8MT in the low density region and those with 
lenzths shorter than 10 nm (7) moved easily on 
T-Au(111) surface. The dots observed at CSMT 
polymers were not disconnected, even though 
the polymers moved on the surface. These results 
strongly suggest that the dot structure is duc 
not to the self-assembled C8MT monomers or 
its oligomers but to the single-polymer strane 
Because of the asymmetric reactivity of the 
monomer, 3-alkoxy-4-methylthiophenes such 
as C8OMT are reported to provide the regio- 
regular head-to-tail polythiophenes (43, 43). Che 
sume reason might be applicable to the CSMT 
becanse of the asymmetrical chemical structure. 

These results suggest that the electronic 
structures of the two kinds of polythiophene 
ditter greatly. The optical absorption spec- 
trum of the chemically synthesized polymers 
of C&8MT in solution showed a Invhest oc- 


cupicd molecular orbital (HOMO) lowest nn- 
occupied molecular orbital (LUMO) gap of 
3.76 cV, whereas that of CROMT showed a 
gap of 2.94 eV (fig. $2). These data are in a 
good agreement with the reported spectrum 
of each polymer (23, /4, 76). Such a large 
HOMO-LUMO gap of C&M polymer has 
been ascribed to thiophene-ring torsion (/ 7-29) 
in the main polymer chain, resulting in “short 
conjugation” of m electrons. 

Thiophene nng torsion is the mast probable 
reason that features in the STM image of 
C8MT-polymer wires appear in the shape of 
connected dots with nodes (Fig. 1, Hand F). 
The 11.5 A spacing of dots (Fig. 1G) observed 
from the STM image of C8M'l-polymer wires 
agrees well with the threetold 3.8 A spacing 
(/7, 20 22) of interthiophene units in poly- 
thiophenes (Fig. 1, F and G). Two-dimensional 
Fast Fouricr Transform (FFT) of Fig. 1F rep- 
resents the line patterns perpendicular to the 
direction of polymer chain, which provide an 
accurate periodicity of dots (inset of Fig. LIT). 
‘The FEU cross-sectional peak at 0.85 nm7! 
shows the periodicity to be 11.73 A (Fig. LID). 
‘This valuc suggests that torsion might have a 
periodicity of three thiophene units (Fig. 11). It 
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Fig. 2. (A) Experimen- 
tal setup of multistep 
ECEP to produce het- 
erowires. (B and C) STM 
image of |-Au(111) af- 
ter application of mul- 
tistep ECEP. Multistep 
ECEP consists of the first 
voltage-pulse applica- 
tion (1.4 V, 150 ms, 
120 pulses) to a CSMT 
(10 mM)—NBu,PF 

(0.1 M) solution and 
the second application 
(1.1 V, 150 ms, 10 
pulses) to a C8OMT 
10 mM)-NBu, PF. 
0.1 M) solution. (D 
to |) Temporal STM 
images of I-Au(111) af- 
ter application of mul- 
tistep ECEP with the 
same conditions as (B) 
and (C), acquired every 
2 min. Circles show 
heterojunctions. 


has been reported that the STM height is affected 
by a barrier height and a transconductance of 
molecules (23, 24). Observed STM images re- 
flect the electronic structure of the polymer 
coupled with the geometry. The bright dots in 
the chains that were visible in STM images 
probably correspond to the electronic orbitals 
on planar thiophene rings with high conjuga- 
tion of x electrons, whereas the nodes (dark 
regions) should appear as those on distorted 
thiophene-rings with low conjugation (Fig. 11). 
Although the alkyl chains of polymers cannot 
be imaged because of the high barrier height 
of C-C bonds, the conjugated chain-to-chain 
distances of 1.66 nm on average (Fig. 1F) 
suggest that the alkyl chains of C3MT polymer 
might interdigitate with the adjacent polymer’s 
alkyl chains. Thus, the torsion model can ex- 
plain the structures shaped as connected dots in 
STM images of C8MT-polymer wires. 

It has been reported that the distortion of the 
thiophene ring in quarterthiophence is affected by 
the medium (crystal or solvent) as well as the 
intrinsic propertics of molecules (23). ‘Uherefore, 
we studied the substrate etfect to explain why the 
periodicity of the dot-shaped stmcture is highly 
regular, The structure of CSMT polymers fab- 
ricated on An(111) was compared with that on 
T-Au(111). An STM image of C8MT polymers 
on Au(l11) showed randomly oricnted wires 
with no apparent periodic dot-shaped structure 
(fig. SAA). Vhe CSOMT polymers on An{111), 
as a reference, represent a rodlike structure 
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Fig. 3. (A to C) Dynamic STM images of |-Au(111) after application of multistep ECEP, acquired 
every 2 min. Condition of multistep ECEP are identical to those in Fig. 2. (D) Experimental setup of 
mixed-solution ECEP method to praduce multiblock heterowires. (E) STM image of |-Au(111) after 
application of mixed-solution ECEP, Mixed-solution ECEP consists of the voltage-pulse application (1.4 V, 
150 ms, 100 pulses) to a C8MT (10 mM)-C8OMT (1 mM)—NBu, PF, (0.1 M) solution. 


sumilar to that on I-Auf111)} (fig. $3B). Thus, 
these results suggest that the highly regular 
penadic structure of C8MT polymers might be 
influenced on the surface. The interaction be- 
tween the C8MT polymer and the iodine atoms 
plays a crucial role in forming the periodic 
structure. 


We propose a multistep ECEP technique (/2) 
to create single-molecule heterowires (Fig. 2A). 
This technique comprises two electropolymenza- 
tion processes in a different monomer solution. In 
the first process, the voltage pulses to oxidize the 
monomer were applied to the I-Au(}11) in the 
electrolyte solution contaimng the C8MT mono- 
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Fig. 4. (A) STS curves located on (1) the C8MT-wire part of a heterowire and (2) the CSOMT-wire part. 
Initial tunneling current was 10 pA. Insets show the STM image with blue dots where the STS 
measurements were performed and the experimental illustration. (B) STS curves of C8MT-polymer 
wires as a function of initial tunneling current of 5 and 10 pA. {C) STS curves of CSOMT-polymer wires 
as a function of initial tunneling current of 5, 10, 20, and 50 pA. Insets show the STM image of sample 
and the experimental illustration. (D) (1) Differential conductance (dt/dV) of C82MT-polymer wires (B) 
from the initial tunneling current of 10 pA and {2) those for CROMT-polymer wires {C) from the initial 


Voltage (V) 


tunneling current of 50 pA. 


mer, This process produces the C8MT-polymer 
wires on the substrate. ‘The substrate is then 
transtérred to an electrolyte solution containmme 
CSOMT, and a second process of voltage ap- 
pheation oxidizes both the CROMT in solution 
and the C8M'l polymer on the substrate. ‘The 
second process might create heterowires in which 
the CSM polymers on the substrate link with 
propagating CSOMT polymers. The STM imazes 
for the sample obtained by multistep HCHP depict 
two independently grown wires In some regions 
(Fig. 2B). From differences in their shape and 
height, the observed wires are easily classifiable 
into two types of polymer blocks. However, other 
rewions showed heterowies with a C8OMT 
polymer and a C8M'U polymer joined together 
at the ends of respective chams (Fiz. 2C). 
Sequential $M images show that the hetero- 
junction 1s created by chemical bonding between 
the CSOMT-polymer and C8MT-polymer wires. 
Dynannc STM umages taken every 2 min (Fig. 2, 
D to T) revealed that the C8MT-polymer part 
swings from the point at heterojunction (circles 
shown in Fig. 2, D to D, whereas the CSOMT- 
polymer part is tightly fixed on the surface. [f the 
two wires are not covalently bonded but merely 
contacted, the C8M'l-polymer wire would sepa- 
rate from the C8OMT polymer at the hetero- 
junction. However, the two wires never separated 
at the heterojunction. These results indicate the 
evidence of a covalent bond at the heterojunction. 
Increasing the imaging tumnelmg current trom 3 


to 10 pA did not affect the swingmy motion of 
heterowires. Therefore, the swinging motion 
might not be caused by the trp manipulation but 
by the thermal-activated polymer diffusion on the 
surface. 

There might be two reasons for the poly- 
mer diffusion on the surface. One reason is the 
binding foree of the different polymers with 
the surface: The CSOMT-polymer wires bind to 
the [-An{111) more strongly than do the C&M 
wies. Penodic torsion of thiophene nngs of 
C&M polymer might reduce the interaction 
with FAu(111), whereas the coplanar thiophene 
rings of CROMT polymers tightly interact with 
LAuf111). The second reason is a surrounding 
effect: the interchain interaction with neighbor 
polymers. The C8MT-polymer part of hetero- 
wire (Fig. 2, 1D to [) is almost isolated from the 
C8OMT-polymer aray because of its bending 
chain. his situation makes the C’'SM'l-polymer 
part move easily on the surface because it has 
no interaction with the C8OMT-polymer array. 
Once the C8MT-polymer chams on surtace 
have aligned parallel to the adjacent chains of 
C8OMT or C8MT polymers, these had a tend- 
ency to stabilize {some wires in Fig. 2, B and 
C). Interaction between the alkyl chain of the 
polymer and the interdigitated one plays an im- 
portant role in the stability of the polymer on 
the surface (27), Different binding forces of two 
polymers might originate from an intcraction 
between the polymer wires and the LAuf111). 
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In some cases, we observed not only diblock 
wires but also triblock wires (Fig. 3, A to C). 
These STM images show a triblock structure in 
which a C8MT-polymer wire is sandwiched 
between two C8OMT wires. These images also 
represent the motion of the C83MT-polymer part 
linked with the short C8OMT polymer, for 
which the long C83OMT-polymer part adsorbs 
strongly on the surface. The short length of the 
isolated wire might be the reason for the motion 
of the C8MT-polymer part linked with the short 
C8OMT polymer. When ECEP was used with a 
mixed solution containing CSOMT and C8MT 
(Fig. 3D), multiblock heterowires were still 
produced rather than random copolymers (Fig. 
3E). Although the multiblock structures were 
sometimes visible by a multistep ECEP (Fig. 
2C shows some junctions), the mixed-solution 
method produced these structures efficiently, 
because such structures frequently appeared in 
many different locations. These results indicate 
that the polymerization process of conjugated 
copolymer in the mixed solution is not random 
but block polymerization, and that monomers 
react preferentially with each other rather than 
with different monomers. 

The clectronic stricture of hetcrowires was 
investigated with scanning tunneling spec- 
troscopy (STS) (72). The current-voltage (IV) 
curves of heterowires from an inthal tunneling 
current of 10 pA are depicted in Fig. 44. The 
C8MT-polymer parts of heterowires show a 
larger HOMO-LUMO gap than those at 
C8OMT-polymer parts. Observed STS data 
show almost symmetrical [V curves in the 
present bias range. Reported STS of oligothio- 
phone also shows symmnictrical [V curves (26). 
Typical IV curves of C&8MT and C8OMT 
polymers (Fig. 4, B and ©, respectively) show 
that changing the inital tumeling current 
regulates the tip-sample distance. [he differ- 
ential conductance (¢#d¢¥) of Fiz. 4B (C8MT 
polymer) from the initial tunneling current of 
10 pA and that of Fiz. 4C (C8OMT polymer) 
from 50 pA are plotted in Fig. 4D. Although 
the current in the [TV curves sometimes fluc- 
tnated because of the measurement conditions, 
the shapes of curve were reproducible. The 
IV curves of C8MTU polymers (Fig. 4B) and 
C8OMT polymers (Fig. 4C) were the same us 
those for the C8Ml-polymer blocks and the 
C8OMT-polymer blocks of the heterowires, 
respectively. hus, the clectronic propertics of 
the heterowires of cach polymer are the same 
as those of the wires of cach homopolymer. 
The HOMO-LUMO= gap of the C8MT poly- 
mer is determined to be nearly 1 ¢V from Fig. 
4, B and D. The [V curves of the CSOMT 
polymer (Fig. 4C) are the same as those of 
I-An(111) (fig. $4). Uhus, the observed 
IIOMO-LUMO gaps of the C8MT polymer 
as wel] as the CROMT polymer on I-An(111) 
are substantially lower than those in the so- 
Intion. Uhere are two possible reasons for these 
results. Mixing of density of states (DOS) of 
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the substrate surface (27) with DOS of poly- 
mers could oceur, or there could be charge 
transfer (28) based on the interaction between 
the polymers and the [-Au(111). hese clec- 
tronic interactions between the polymers and 
the surface might reduce the HOMO-LUMO 
gaps compared with those im solution. 


References and Notes 

A. K. Bakhshi, Deepika, j. Mol. Struct. 499, 105 (2000). 

. T. tyoda et at, j. Phys, Chem. 95, 5215 (1991). 

H. Sirringhaus et af., Appt. Phys. Lett. 77, 406 (2000). 

¥. Okawa, M. Aono, Nature 409, 683 (2001). 

. S.-W. Hla, L. Bartels, G. Meyer, K.-H. Rieder, Phys. 
Rev. Lett. 85, 2777 (2000). 

. R. Yamachika, M. Grobis, A. Wachowiak, M. F. Crommie, 
Science 304, 281 (2004), 

7. J. Barner, F. Mallwitz, L Shu, 4. BD. Schliiter, |. P. Rabe, 

Angew. Chem, 115, 1976 (2003). 
8, M, Brun et at., Adv. Mater. 16, 2087 (2004). 
9. M-K. Ng, L Yu, Angew. Chem. 114, 3750 (2002). 


ve wn a 


an 


10. M.-K. Ng, D.-C. Lee, L. Yu, f. Arm. Chem. Soc. 124, 
11862 (2002). 

11. H. Sakaguchi, H. Matsumura, H. Gong, Nat. Mater. 3, 
551 (2004). 

12, Materials and methods are available as supporting 
material on Science Online. 

13. G. Daoust, M. Leclerc, Macromofecufes 24, 455 (1991). 

14. M. Leclerc, G. Daoust, f. Chem. Soc. Chem, Commun. 
1990, 273 (1990). 

15, R. D. McCullough, Ady. Mater. 10, 93 (1998), 

16. T. Jchanssen, W. Mammo, M. Svensson, M. R. Anderson, 
O. Ingnas, }. Mater. Chem. 13, 1316 (2003). 

17. G. Gigli et at, Appl. Phys. Lett. 73, 2414 (1998). 

18. C. Roux, M. Leclerc, Macromolecufes 25, 2141 
(1992). 

19, M, Leclerc, Adv. Mater. 11, 1491 (1999). 

20. —. Mena-Osteritz et af., Angew. Chem. tnt. Ed. 39, 
2680 {2000}. 

21, B, Grévin, P. Rannou, R. Payerne, A. Pron, J. P. Travers, 
Adv. Mater. 15, 881 (2003). 

22, B, Grévin, P. Rannou, R. Payerne, A. Pron, J. P. Travers, 
j. Chem. Phys. 118, 7097 (2003). 

23. L.A. Bumm et af., Scierce 271, 1705 (1996). 


Structural Observation of the 
Primary Isomerization in Vision with 
Femtosecond-Stimulated Raman 


Philipp Kukura, David W. McCamant,* Sangweon Yoon, 
Daniel B, Wandschneider, Richard A. Mathies+ 


The primary event that initiates vision is the light-induced 11-cis to all-trans 
isomerization of retinal in the visual pigment rhodopsin. Despite decades of 
study with the traditional tools of chemical reaction dynamics, both the timing 
and nature of the atomic motions that lead to photoproduct production remain 
unknown. We used femtosecond-stimulated Raman spectroscopy to obtain 
time-resolved vibrational spectra of the molecular structures formed along the 
reaction coordinate. The spectral evolution of the vibrational features from 200 
femtoseconds to 1 picosecond after photon absorption reveals the temporal 
sequencing of the geometric changes in the retinal backbone that activate this 


receptor. 


Understanding the mechanism of a chemical 
Teaction requires measuring the structure of the 
Teactunt as it evolves to product. Many of the 
Most intiguing and efficient photochemical and 
photobiological reactions take place on ultra- 
fast time scales and their kinetics have been 
well characterized by femtosecond absorption 
and fluorescence spectroscopies (/—3). Although 
x-ray diffraction is being developed for time- 
resolved structural studies of reactions, this ap- 
proach is challenging to apply in the condensed. 
phase and currently lmuted to processes slower 
than ~ 100 ps (6). Ultrafast vibrational spectros- 
copy is advantageous in this quest because it 
offers both excellent temporal and stmctural in- 
formation (7). The traditional picosecond time- 
resolution limitation (&) is being transcended 
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through the use of femtosecond pulses in the 
infrared (IR) in multidimensional as well as direct 
time-resolved experiments of ultrafast chemical 
and biological processes (¥-//). The conple- 
mentary Raman vibrational techniques have 
also advanced with the recent development of 
stimulated Raman in the femtosecond time 
domam (/2, 23), which is valuable because of 
its ability to interrogate biological processes in 
aqueous media, [lere, we demonstrate the capa- 
bilitics of femtosccond-stimulated Raman spec- 
troscopy (FSRS) in studies of reaction dynamics 
by clucidating the molecular mechanism of the 
pnmary photochemical events in vision. 

In FSRS_ two laser pulses drive the Raman 
tramsition: a picosecond “Raman pulse” and a 
femtosecond broadband continuum “probe pulse” 
that stimulates the scattermg of any vibrational 
modes with frequencies between 600 and 2000 
cm |. The use of the additional probe pulse to 
induce the Raman scattering offers a mumber 
of notable improvements over traditional time- 
resolved spontancons Raman spectroscopy (/4), 
such as greatly enhanced cross sections and 
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an order-of-magnitude improvement in time 
resolution (<1) fs) while maintaining excel- 
lent energy resolution (<15 em!) (75, 76). 
The impulsive creation of vibrational coherence 
by the Raman and probe pulses reveals highly 
time-resolved vibrational structural mformation 
that is not accessible by incoherent processes 
such as spontaneous Raman. 

The primary step in vision is the photo- 
chemical cis-trans isomenzation of the 11-cis 
retinal chromophore in rhodopsin (Fig. 1A). 
Production of the pnmary ground-state transient 
called photorhodopsin is onc of the fastest 
photochemical reactions in nature and is com- 
plete in only 200 fs (/7). As a consequence, the 
reaction is extremely efficient, with a quantum 
yield of 0.65, and about 60% of the incident 
photon energy is stored in the first thermo- 
dynamically stable all-trans retinal photoproduet 
called bathorhodopsin. This stored enerzy is then 
used to drive activating conformational changes 
in the G protem—coupled receptor that eventually 
lead to visnal sensation. Although a number of 
theoretical models have been proposed (75-20) 
to explain rhodopsin’s unique reactive proper- 
tes, which are responsible for making it an ex- 
ecllent light receptor, many of the most critical 
questions about its photochemistry remain un- 
answered For instance, the coordinates me- 
diating fast excited-state decay, the role of the 
clectronic excited state in the isomerization, 
the structure of retinal in photorhodopsin, and 
the nature of the reaction coordinate leading 
to bathorhodopsin are undefined. 

We address these questions by acquiring 
femtosecond time-resolved vibrational spec- 
tra of retinal in rhodopsin thronghont the 
reaction. Modeling of the vibrational struc- 
tural features after rapid internal conversion to 
the ground state reveals the highly distorted 
structure of photorhodopsin. Surprisingly, a 
large fraction of the atomic rearrangement 
leading to the formation of fully isomenzed 
bathorhodopsin is shown to occur in the 
ground electronic state. Vivid details of this 
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structural evolution are revealed by the chang- 
ing frequencies and lineshapes of key vibra- 
tional modes during the reaction. 

FSRS spectra of rhodopsin after excitation 
with a 30-4 photochemical pump pulse centered 
at 500 nm are presented in Fig. IB (27). The 
reference vibrational spectrum of rhodopsin 
(bottony) includes the syninictrie C—-C ethylenic 
stetch at 1348 om7!, the fingerprint region 
from 1100 to 1300 cm 7 duc to structurally 
sensitive C-C single-bond stretching and CHIT 
rocking modes, anda feature at 969 cm | duc 
to concerted hydrogen-out-of-plane (IIOOP) 
wagging motion of the 11 and 12 hydrogens 
(22). ‘he bathorhodopsin reference spectrum at 
the top of Fig. 1B ilustrates the isomenization- 
induced changes in the intensity and frequency 
pattem in the fingerprint region as well as the 
HOOP region; the original mode at 969 em—! 
is red shifted and split into three separate peaks 
at 920, 875, and 850 cm~?, assigned to isolated 
€,,-I], €,,-TT, and C,,dI waggmg modes, 
respectively (22). 

The fingerprint pattern of photorhodopsin 
at 200 fs appears to be midway between those 
of 11-cis rhodopsin and all-trans bathorhadap- 
sin. The features evolve into the bathorhodop- 
sin spectrum over the next 800 fs. In particular, 
the peak at 1267 cm7! decreases in intensity, 
whereas the bands at 1216 and 1237 cm ' 
remain virtually unchanged. Surprisingly, we 
observed very intense, dispersive Lineshapes in 
the HOOP region between 800 and 950 cm7! 
at early times. The dispersive IIOOP features 
evolve on the same time scale as the finger- 
print bands into the expected three positive 
features of the bathorhodopsin spectrum. By | 
ps, vibrational cooling has narrowed and blue 
shifted all features, including the cthylenic 
stretching band, thereby completing the trans- 
formation to bathorhodopsin. ‘These data show 
that there 1s considerable reactive evolution on 
the ground-state surface from 200 fs to 1 ps. 

The dispersive lineshapes in the ITOOP 
region at carly time delays originate from our 
capability to monitor structural evolution on the 
time scale of the reaction in a coherent fashion. 
This observation can be understood by con- 
sidering how stinvulated Kaman signals are 
generated (/3). ‘The simultancons action of pico- 
second Raman and femtosceond continuum 
probe pulses drives vibrational coherence in the 
sumple (Fig. 2A). The gating of this process 
relative to the photochemical pump is temporally 
well detined by the short (~20-t8) probe pulse. 
The subsequent coherent vibration of the mole- 
cules modulates the macroscopic sample polar- 
ization in the tine domain, thereby giving risc to 
positive definite Stokes and anti-Stokes features 
in the energy domain. Because we detected these 
features throuzh interference with the umscat- 
tered probe. the signal appears on top of the 
probe envelope. [lowever, if the frequency of 
this coherent motion initiated by Raman and 
probe pulses chanzes durme the vibrational 
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dephasing tme as shown mm Fig. 2B, where the 
oscillator is chirped from low to high frequency, 
then the resultmg Imeshapes become dispersive. 
‘The specific lineshape in Fig. 2B, with a negative 
teature on the ligh-energy side, 1s distinctive of a 
shift from a low- to a high-frequency vibration 
durmg the tree-induction decay of the vibration- 
al oscillator (2/). Thus, the dispersive HOOP 
modes directly report on the dynamic structural 
relaxation of retinal as it cvolves from the high- 
energy photorhodopsm transient to the eround- 
state bathorhodopsin product. The heterodyne 
detection scheme in FSRS is powerful in that it 
makes possible the observation of vibrational 
phase and frequeney shifts that oceur on a time 
scale shorter than the vibrational dephasing time. 

We have sinmlated the spectral cvolution of 
the IIOOP features atter mtemal conversion to 
the ground state using theory cncompassing the 
above concepts (22). The frequencies of three 
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Fig. 1. {A) The primary event in vision: 11-cis 
retinal in rhodopsin is isomerized upon photon 
(hv) absorption to the all-trans bathorhodopsin 
photoproduct. (B) Time-resolved femtosecond- 
stimulated Raman spectra of rhodopsin from 
200 fs to 1 ps. The spectra are vertically offset 
and ground state and solvent features as well 
as a broad sloping baseline have been subtracted 
(27). Resonance Raman spectra of ground-state 
rhodopsin (Rho) and the trapped bathorhadopsin 
{Batho) product are included for comparison. 
The dashed line in the 200-fs plot indicates the 
spectral baseline. 
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Fig. 2. (A) Picosecond Raman and femtosecond 
probe pulses drive vibrational coherence in the 
sample. Heterodyne detection yields a gain 
feature on top of the probe envelope in the en- 
ergy domain shifted in energy relative to the 
Raman pulse according to the frequency of 
the vibration. Division (Div) of spectra in the 
presence of the Raman pulse by spectra in its 
absence results in Lorentzian vibrational features. 
(B) An increase in the vibrational frequency 
during the vibrational dephasing time gives rise 
to dispersive lineshapes due to phase-sensitive 
heterodyne detection of the stimulated Raman 
signal. FT, Fourier transform. (C) Time-resolved 
stimulated Raman spectra of the HOOP region 
of reactive rhodopsin from 200 fs to 2 ps. {D) 
Simulated spectra of the HOOP region obtained 
from a four-mode model using three time- 
dependent frequencies, as in (B). (E) The 
simulations reveal a ~100 cm—" blue shift of 
the C,5-H (), C,,-H {#), and C,,-H {A) fre- 
quencies from 200 fs to 2 ps with a ~325-fs 
time constant. 
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mades resulting trom isolated C,,-IL C,,], 
and C,, H wagging motion were varied cxpo- 
nentially, and a fourth resultmy trom vibration- 
ally excited but unreactive ground-state species 
was held constant at 959 cm7+. This simple 
model is remarkably successful at reproducing 
the observed spectral dynamics in Fig, 2C, Not 
only do the simulated spectra duplicate the ini- 
tially highly dispersive Imeshapes, but they also 
reproduce the temporal evolution of these bands 
into the traditional bathorhodopsin features (Fig. 
21D). The model also yields transicnt vibrational 
frequencies of structures along the pathway from 
photorhodopsin to bathorhodopsin. The IIOOP 
frequencies inerease by ~ 100 cm! from 200 fs 
to 2 ps with a ~325-f% time constant (Fig. 2B). 
Notably, all spectra were simulated with a single 
set of parameters that are not adjusted to tit the 
individual time points. Uhe validity of ow model 
is reinforced by the quantitative agreement be- 
tween experiment and theory in light of the high- 
ly constrained parameters used in the simulations. 

‘The evolution of the vibrational strncture 
from 200 fs to 1 ps demonstrates that a large 
fraction of the net motion along the isomeriza- 
tion coordinate occurs on the vround-state sur- 
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Fig. 3. (A to C) Retinal chromophore structures 
for reactant rhodopsin (28) and for photorhodop- 
sin and bathorhodopsin that reproduce the ob- 
served hydrogen wagging frequencies. Backbone 
dihedral twist angles from the rhodopsin reactant 
are indicated. (D) Comparison of density functional 
theory (24) calculated {Theo.) and experimental 
(Exp.) hydrogen wagging frequencies for the photo 
and bathorhodopsin structures. 


11 NOVEMBER 2005 VOL 310 SCIENCE 


face. The most marked spectral change on this 
time scale occms in the HOOP region where a 
~100-cm7! blue shift occurs with a ~325-1 
time constant We recently used vibrational mod- 
eling to demonstrate a close relationship between 
the degree of distortion of the polyenc backbone 
and the anomalously low C,,-IT waguing tie- 
quency in bathorhodopsin (23). Specifically, the 
frequencies of the €,,-II and C,.41] wayeme 
modes in bathorhodopsin were explained. by. at 
a minimum, the concurrence of same-sense 40° 
twists about the €,,-C,, and €,, C,, bonds. 
This previous work sugvests that the reduced 
TIOOP frequencies in photorhodopsin are due to 
even greater distortions of the polyene back- 
bone. The large IIOOP trequency increases in 
the photo-to-hatho transition are also physically 
reasomible because the restoring force for out- 
of-plane hydrogen wagging motion should in- 
crease as the double bonds strengthen in the 
more planar bathorhodopsin product state. 

To test this explanation, we extended the 
approach of Yan ef al. (23) by using density 
functional theory (24) to calculate the Raman 
frequencies for intermediate retinal structures 
that deseibe the photo-to-batho transition. 
Structures with calenlated wagging frequencies 
that were in good agreement with the ex- 
perimental results are presented in Fig. 3. 
The bathorhodopsin structure is twisted by 
—144® about the C, ,=C,, and by 31° about the 


(kJ/mol) 


Fig. 4. Multidimensional representation of the 
isomerization coordinate for the primary event in 
vision. Absorption of a visible photon is followed by 
rapid motion out of the Franck-Condon region 
along high-frequency HOOP coordinates (vibra- 
tional period ~36 fs) which carry the system 
toward a conical intersection in ~50 fs. Curve 
crossing to the ground state to form highly 
distorted photorhodopsin is complete by ~200 fs. 
The structural evolution of retinal on the ground- 
state surface along the C, —C,,, torsional as well as 
other coordinates produces all-trans bathorhodop- 
sin in ~1 ps. Also shown is the energy level diagram 
for coherent femtosecond-stimulated Raman 
probing of the ground-state molecular dynamics 
where {1) is a femtosecond photochemical pump 
pulse, (2) is a narrow bandwidth Raman pulse, and 
(3) is a broadband femtosecond probe. 


C,.-C,, bond, consistent with our earlier results, 
which only considered the position of the ©, H 
wag. Fitting all the wag frequency reductions 
requires additional twists about adjacent bonds. 
Bathorhedopsin exhibits intense lmes in the 
Raman spectrum at 850). 875, and 920 em ! 
assigned to isolated C,,-I], CID, and €,,-II 
wagging modes. respectively. Vibrational cal- 
culations for the bathothodopsim structure in 
Fig. 3C yielded features at $49, 857, and 881 
cm! in excellent agreement with experimental 
data, cxccpt for an underestimated €,, H wag- 
ging frequency. The photorhodopsin structure is 
more Inghly distorted, m particular about the 
C,-Cy (45), Cig Cy, (25°). and C,,-C,, 
(-110°) bonds, With these larger twists, the 
overall shape of retinal is nvuch more like that of 
11-cis rhodopsin than all-trans bathorhodopsm, 
despite having a formally isomerized (110°) 
C,,=C,, bond. Transient frequencies of the 
isolated C,, H, €,, H. and €,, H wagging 
modes obtamed from the analysis of the 200-1 
FSRS spectrum appear at 772, 811, and 762 
cm |, respectively. Calculated frequencies for 
these modes with the use of the proposed 
photorhodopsin structure (Fig. 3B) show good 
agreement with experimental data for the €, H 
and €,,-II modes (814 and 844 cm 1 re- 
spectively), although the C,,—H frequency is 
overestimated (853 cm~!). An alternative, but 
overall similar structure was found in which the 
C, 9-H and C,,-H frequencies were calculated 
to drop by ~70 cm~?! (835 and 798 cm™}, re- 
spectively) with an overestimated C,,—H fre- 
quency. In general, structures featuring only 
very specific combinations of backbone twists 
exhibited large frequency decreases compared 
with the bathorhodopsin structure. 

Although future work certainly requires 
more detailed calculations that include protein 
interactions to provide more quantitative 
modeling of vibrational and energetic data, 
these results show that large-scale backbone 
distortions are capable of causing marked 
frequency drops in all the hydrogen wagging 
modes. The changes in vibrational structure 
observed by FSRS are thus best attributed to 
the dynamic ground-state relaxation of the 
initially highly twisted photorhodopsin struc- 
ture as it evolves into bathorhodopsin. 

Taken together, the data and modeling 
presented here are consistent with the following 
overall picture of the light-induced retinal 
isomerization that initiates vision (Fig. 4): The 
reaction begins with rapid excited-state decay 
after Franck-Condon excitation. Because optical 
excitation is strongly allowed, the transition from 
the A, ground electronic state must populate an 
excited state havme unverade symmetry. Thus, 
any nuclear distortion that cfficicntly couples the 
Franck-Condon state to the ground state resulting 
in fast excited-state decay nvust be nontotally 
symmetric, such as the A, IIOOP or backbone 
torsions. Critically, the isomerization can also 
only occur along nontotally symmetric coor 
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dimates, The exteemely short lifetime of the 
excited state (~50 fs), as established by transient 
absorption (77), resonance Raman intensity 
analysis (25), and spontancons fluorescence 
Tneasurements (26), however, severely restricts 
the extent of atomic displaccments that can occur 
on this time scale. Given the energy available to 
the chromophore, the maximum C,,—-€,,, dihe- 
dral angle that can be achieved im 50 fs is ~30°, 
even if restrictions from the protein pocket are 
imored (25, 27), This suggests that the role of 
€,,-€,, torsional motion during the excited- 
state litetime is limited. The similanty of the 
vibrational period of the 969 cm 1 €, TEC, II 
HOX)P (~36 fs) to the excited-state lifetinie 
{~50 8) supports its role in facilitating intemal 
conversion. Additionally, resonance Raman in- 
tensity analysis shows quantitatively that retinal 
undergoes rapid distortion along the €,,H-C,,H 
TIGOP coonlinate after optical excitation as a 
consequence of the lowered overall symmetry of 
the molecule when bound to rhodopsin (25). We 
thns conclude that excited-state decay through 
a conical intersection is mediated largely by 
fast HOXP motion. 

Evolution along the C, ,=C,, torsional coor- 
dinate after internal conversion leads to the 
formation of photorhodopsm with a formally 
isomerized (>90°) €,,-C,, bend but an overall 
hizhly distorted structure. Adjacent single- and 
double-hond twists compensate for the local 
cis-trans isomerization resulting in an overall 
reactant-like shape that, although isomerized 
about the C,,=C,, bond, minimizes steric 
interactions with the protein pocket, thereby 
enabling the fast reachon rite (compare Fig. 3, 
A and B). [he molecule then uses the ~ 5000 
cm! of enerey available from rapid bamierless 
intemal conversion as well as the ~3000 em ! 
from the photo-to-batho relaxation to dnve the 
larger scale structural changes necessary to form 
the all-trans bathorhodopsin photopreduct in 
~1 ps (Fig. 3C). Uhns, although the isomeriza- 
tion is initiated in the excited state and photo- 
thodopsin is formally trans about the C.-C), 
bond, much of the geometric chanzes associated 
with the isomerization actually occur on the 
ground potential surface in the photo-to-batho 
transition. This result is a direct consequence of 
the different time scales for complete cxcited- 
state decay (~200 f&) and bathorhodopsin for- 
mation (~1 ps) determined in this work. 

This multidimensional model for rhodopsin 
isomerization, including a fast “gating” coordi- 
nate (IIOOP), deviates substantially from the 
one-limensional picture commonly used to 
describe photoisomenzution reactions, where 
both clectronic and nuclear dynamics occur along 
the same, slow torsional coordinate. Furthermore, 
these observations make it possible to better 
understand the role of the protem in determming 
thadopsin’s unique reactivity. ‘he tight binding 
pocket influences the reaction path im three ways: 
(i) [t primes the molecule for rapid excited-state 
decay along the IOOP coordinate by pretwisting 
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the retinal backbone, (11) it restricts the possible 
motion of the excited chromophore through 
steric interactions with suzrounding amino acids, 
thereby promoting reaction speed and resulting in 
a high isomenzation quantum yield, and (ui) it 
captures the high-energy bathorhodopsin product 
and efficiently transfers this energy into protem 
conformational changes that activate the receptor. 
We anticipate that these concepts will be im- 
portant in understanding many cfficient photo 
biological reactions. 
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The Mid-Pleistocene Transition in 
the Tropical Pacific 


Martin Medina-Elizalde’* and David W. Lea’?* 


A sea surface temperature (SST) record based on planktonic foraminiferal 
magnesium/calcium ratios from a site in the westem equatorial Pacific warm 
pool reveals that glacial-interglacial oscillations in SST shifted from a period of 
41,000 to 100,000 years at the mid-Pleistocene transition, $50,000 years before 
the present SST changes at both periodicities were synchronous with eastem 
Pacific cold-tongue SSTs but preceded changes in continental ice volume. The 
timing and nature of tropical Pacific SST changes over the mid-Pleistocene tran- 
sition implicate a shift in the periodicity of radiative forcing by atmospheric 
carbon dioxide as the cause of the switch in climate periodicities at this time. 


In the mid-Pleistocenc, ~950 thonsand years 
(ky) before the present (B.P.). the climate of 
Earth underwent profound changes in the length 
and intensity of its glacial cycles. This mid- 
Pleistocene transition (MPT), as indicated by 
benthic foraminiferal 6!8Q, was characterized 
by a change in the dominant penodicity of 
high-latitude climate oscillations from 41 Iky 
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to 100 ky: a positive shift in mean benthic 
8180, generally ascribed to continental ice-shect 
expansion; and an increase in the amplitude 
variability of 6!8©, attributed to more severe 
glaciations after 930 ky B.P. (/-3). Mast of 
the hypotheses offered to explain these changes 
involve ngh-latitude Northem [lemusphere pro- 
cesses such as ice-sheet or sea-ice dynamics 
(2, 4, 5). Recent paleoclimatic reconstructions, 
however, have shown that during the MPT, the 
tropics also experienced major changes that 
resemble some aspects of high-latitude climate 
yanlability but also have their own umique pat- 
terns (6, 7). Current hypotheses cannot fully 
explain these observations and the common 
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characteristics revealed by paleoclimatic recon- 
structions from low and high latitudes. 

To test hypothesized causes for the mid- 
Pleistocene transition, we reconstructed detailed 
thermal and 8!%O-seawater histories spamming 
the MPT from a site in the heart of the western 
equatorial Pacific (WEP) warm pool (Fig. 1). 
This location is ideal for testing hypotheses that 
address proposed forcing mechanisms of tropical 
climate variability because (i) warm-pool ther- 
mal variability is linked throughout the tropics by 
convection (8); (ii) the warm pool is less subject 
to regional oceanographic influences such as 
thermocline depth changes, as demonstrated by 
the small response of warm-pool sea surface tem- 
peratures to E] Nino/Southern Oscillation (ENSO) 
variations (Fig. 1) (9); and (iii) the warm pool is 
remote from the direct radiative influence of 
continental ice sheets and has the most direct re- 
sponse to radiative forcing as a result of changes 
in atmospheric greenhouse gases (/0, 17). 

We determined sea surface temperatures 
(SSTs), 8180, and 6!8O-scawater (848O.) from 
Ocean Drilling Program (ODP) [ole 806B 
(0? 19.1'N, 159°21.7°E, 2520-m water depth) 
(22) on the Ontong Java Plateau, usme the 
surface-dwelling planktonic foraminifer Glo- 
bigerinoides ruber (Fig. 2). Our records reach 
back to 1.3 million years (My) B.P.. with an av- 
erage resolution of 2.3 ky, extending a previous 
study (/3). We used the Mg-paleothermometry 
technique, which is based on the temperature 
dependence of Mg substitution in calcite, and 
calculated 5!8O,, following previous protocols 
(13, 14). We constructed the Hole 806B age 
model by visual alignment of the G. ruber 548O 
sequence to the ODP Hole 677 benthic 5!8O 
record (/4, /5). Hole 806B has remarkably con- 
stant sedimentation rates (2.0 + 0.3 cm/ky) from 
0.45 to 1.3 My B.P. and, because of its location 
above the present-day lysocline depth, it also 
has good preservation of foraminifer shells. 
There are only two coring gaps of ~0.9 m 
(~50 ky) that include parts of marine isotope 
stage (MIS) 19 and MIS 37 (/4). 

The G. ruber 8'8O data indicate 12 glacial- 
interglacial (G-I) oscillations from MIS 13 to 
41 between 450 and 1348 ky B.P., in agree- 
ment with reference foraminiferal 5!8O records 
(72, 15) (Figs. 2 and 3). Over the past 900 
ky, the G-I range of 5!0 is larger by about 
one-third than the corresponding early Pleis- 
tocene (900 to 1348 ky) range, but mean 
5'8O remains the same [—1.60 %o (per mil) 
and —1.56 %o, respectively]. Spectral analysis 
of the Hole 806B 880 data indicates that over 
the past 900 ky, the 100-ky period component 
explains more than 70% of the variance in 
8!8O, whereas during the early Pleistocene 
(EP) similar power is shared by ~90-ky and 
41-ky-related periodicities, with a minor con- 
tribution from the 23-ky period. The presence 
of significant power at a ~90-ky period might 
be the result of a strong salinity component at 
site 806B during the early Pleistocene (76). 
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The observed Mg/Ca-denved SST average 
from the carly and niid-Pleistocenc time intervals 
combined (from 300 to 1348 ky BP.) is 27.8°C, 
similar to the late Pleistocene (0 to 500 ky B.P.) 
SST averave of 27.4°C (23). The G-I SST range 
over the mid-to-early Pleistocene is smaller than 


that dunng the late Pleistocene, 3°C versus 
43°C, respectively. This difference is largely a 
consequence of warmer {~0.7°C) glacial inter- 
vals, relative to the late Pleistocene; average 
intervlacial SSTs (~ 29°C) are similar throuzh- 
out the record. ‘The warmest temperatures during 
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Fig. 1. Map showing the correlation of Kaplan interannual SST anomalies between the site of Hole 
806B (0°19.1’N, 159°21.7'E) and other regions of the tropics (28). Correlations are based on SST 
data on a 5 by 5 grid of monthly anomalies from 1856 to 2003. The base period used for the 
anomalies is 1951 to 1980. Locations of ODP Hole 846 {6) (3°5’S, 90°49°W) and MD97-2140 (7) 
(2°02'N, 141°46'E) are also indicated. Warm-pool SST anomalies near Hole 306B are positively 
correlated with temperature anomalies in a wide swath of the tropical oceans. Warm-pool 
anomalies are either uncorrelated or are anticorrelated with anomalies in the eastern equatorial 
Pacific cold tongue (i.e., Hole 846), a consequence of their opposite behavior during ENSO changes 
(20). The location of ODP Hole 677 [reference benthic foraminiferal 6"°O record in (75)] is also 
shown (1°12'N, 83°44'W). 
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Fig. 2. Western equatorial Pacific 
ODP Hole 806B records based on ] 200 
the surface-dwelling foraminifera 
G. ruber. This record includes a 
previous (73) reconstruction for 
the late Pleistocene (4 to 470 ky 
B.P.). Gaps in the records are the 
result of coring gaps. The chronol- 
ogy is based on wiggle matching 
to the target core ODP Hole 677 
benthic foraminiferal 5'%O (74, 75). 
(A) G. ruber Mg/Ca-derived SST 
record. Mg/Ca data were converted 
using the relationship: SST (C°) = 
0.089-**In[Mg/Ca (m) / 0.3] (73). 
Each point is the average of two to 
four replicates. The mid-Pleistocene 
transition (MPT) at ~950 ky BP. is 
indicated by a gray bar. Evolution- 
ary spectral analysis plot for SST 
(top) from 250 to 1100 ky BP. is 
based on the multitaper method 
(74). The scale represents Log,, 
units? per cycle per ky. The evo-  _ 
lutionary spectral analysis reveals = 
that the SST record is dominated = 
by the ~100-ky period over the ~ 
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seawater record, calculated by 
extracting the component in plank- 
tonic 5'8O explained by the Mg/Ca- 
derived SST using the low-light 
paleotemperature equation deter- 
mined for Orbulina universa (29). Neither the calcite nor the seawater 5'8O records shows a positive shift 
over the MPT, 
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the mid- and early Pleistocene occured m MIS 
25 (29.8°C), 952 ky B.P., and the coldest in MIS 
30 (26°C), 1052 ky B.P. (Fig. 2). The mid- 
Pleistocene transition is well represented in the 
Tlole 806B SST record (Fig. 2). Mean SST and 
the average ¢i-[ change in SST do not shift over 
the MPT, im contrast to changes observed in 


Fig. 3. (A) ODP Hole 677 benthic 
foraminiferal 5'°O record (75) fC) 
showing a mean positive shift of 
0.25% at ~900 ky B.P. and long- 
term stability from 1340 to 900 
ky B.P. (dashed lines are linear 
regressions). The linear regression 
of 5780 over this time interval is 
not statistically significant (77). 
Top: Spectrogram of benthic 5'O 
from 250 to 1100 ky B.P. showing 
the shift in the dominant period 
from 100 ky to 41 ky at ~950 ky 
B.P. (gray bar) (74). The scale 
represents Log,, units* per cycle 
per ky. (B) Hole 806B G. ruber 
SST record showing no significant 
secular change from 1340 to 800 
ky B.P. and long-term thermal 
stability over the MPT (red line 
before the transition represents a 
nonsignificant linear regression; 
slope = zero, 95% Cl). (C) SST 
record from eastern equatorial 
Pacific ODP Hole 846 (3°5'S, 
90°49'W) based on the alkenone 
unsaturation index (6). The statis- 
tically significant linear regression 
(slope # zero, 95% Cl) showing a 
secular cooling trend from 1340 
to 900 ky B.P. is indicated (green 
line). As a consequence, from 
1340 to 900 ky the equatorial 
Pacific temperature zonal gradient 
increased by ~ 1.3°C. 


Fig. 4. Blowup of the mid- 
Pleistocene transition as seen in 
the Hole 806B SST record (A) and 
the Hole 677 benthic foraminifer- 
al 5780 record (B). Right panels 
show a blowup over the MPT of 
the spectrograms shown in Figs. 
2 and 3. The interglacial peak 
centered on 950 ky B.P. is MIS 8 
25. Note the presence of the 
positive shift in benthic 6'°O at 
~900 ky B.P. and the absence of 
a similar shift in SST at that 
time. The transition between the 
41-ky and 100-ky variability 
occurs between 950 and 1000 3 
ky B.P. in both records. Point-to- 
point comparisons between the 
two signals suggest that SSTs 
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lead benthic 5'°O by ~3 ky over 2 i 
the MPT. The same pattern can [> 9 4 
be seen between SST and plank- 2 
tonic 5780 in Hole 8068 (Fig. 2). - 
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benthic §!8O (Figs. 3 and 4). Average SSTs 
during the carly and mid-Pleistocene (500 to 900 
ky B.P.) are virtually identical, 27.9 1 0.7°C and 
27.7 — 0.7°C (1 SD), respectively (Fig. 2). 

The G-I range in 8!*O,, calculated trom 
measured §'1°O and inferred temperatures. is 
~0.7%0 over the full length of the record (Fig. 
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2). A previous study of the late Pleistocene 
record from Hole 806B (73) demonstrates that 
518. at this site is strongly influenced by hy- 
drological changes on Ci-[ time scales. [n addi- 
tion to orbital frequencies, the 6/*O,, time series 
also shows quasiperiodic ~200-ky cycles during 
the early and mid-Pleistocene time imterval. 
‘These cycles might be related to long-term hydro- 
logical evolution in this region, suggesting that 
5180, is not a simple proxy of ice volume at 
this site. The G-I range of Hole 806B 8180, 
increases by ~0.16%o during the MPT, from an 
early Pleistocene value of 0.72%o0 to a mid- 
Pleistocene value of 0.88%o0, which likely re- 
flects increasing variability in continental ice as 
suggested by benthic foraminiferal records (/—3). 

The Hole 806B SST record is spectrally 
similar to the ODP Hole 677 reference benthic 
foraminiferal 5'8O record (75), with a charac- 
teristic dominance of ~100-ky and 41-ky pe- 
riods and a much weaker contribution at 23 ky 
(Figs. 2 and 3). As suggested by evolutionary 
spectral analysis of Hole 806B SST and Hole 
677 benthic foraminiferal 6!°O, the transition 
between the 41-ky and 100-ky—dominant modes 
of variability occurred at ~950 ky B.P. (Fig. 4, 
right panels). Point-to-point comparison be- 
tween these two records over the MPT reveals 
that G. ruber SST leads benthic ‘SO by ~3 ky 
(Fig. 4). Furthermore, cross-spectral analysis 
between G. ruber SST and benthic forami- 
niferal §!8O reveals that SST leads benthic 
580 by 3 + 1.2 ky [95% confidence interval 
(CD] at the 41-ky—-dominant period during the 
early Pleistocene. 

SST records from two other sites in the 
tropical Pacific, one in the eastern equatorial cold 
tongue (6) and a second in the area of strong 
intertropical convergence zone influence north- 
west of our site (7), provide basinwide context 
for our records (Fig. 1). Comparison of these 
SST records trom 1348 to 900 ky B.P. suggests 
a strengthening of the zonal equatorial Pacific 
SST gradient by ~1.3°C, due almost entirely to 
the cooling in the eastern Pacific. The develop- 
ment of this SST gradient occurred during a time 
interval in which there was no secular change in 
WEP SSTs, as revealed by the two western 
Pacific SST records (7) (Fig. 3). High-latitude 
climate, as indicated by the Hole 677 5'%O 
record, was also relatively stable at this time 
(Fig. 3). Statistical analysis of benthic forami- 
niferal records and the Hole 806B 81°0O,, series 
reveal that high-latitude climate was relatively 
stable for more than 400 ky before the MPT 
(Fig. 3) (77). This observation suggests that the 
intensification of tropical Pacific zonal temper- 
ature gradients and the inferred enhancement of 
the Walker circulation at this time was not ac- 
companied by regional long-term hydrological 
changes in the WEP and Northern Hemisphere 
high-latitude climate reorganizations, in con- 
trast to previous suggestions (7, /8). 

The long-term surface cooling, of the eastern- 
boundary upwelling regions from 1330 to 900 ky 
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BP. (6), while the warm pool and Northem 
Hemisphere climate remained relatively stable, 
may be related to secular changes in the density 
of the deep occan that influcneed the depth of 
the thermocline, as previously predicted (9). 
This cooling has been invoked by a number of 
hypotheses addressing the MPT (7, 78). The 
thermal] stability of the WEP, where SSIs are 
expected to respond thermodynamically to at- 
mospheric radiative forcing, and the coinciding 
high-latitude clamate stability trom 900 to 1330 
ky B.P. reflected by benthic 81° records, do not 
support changes in radiative forcmz as the 
cause of the inferred eastem equatonal Pacific 
(IEP) seenlar cooling trend (7). Benthic foram- 
intferal carbon isotopic records, interpreted as a 
proxy of the thermohaline circulation, show a 
decrease in the §'°C contrast between the North 
Atlantic and Pacific from 1.3 My B.P. to ~800 
ky BP. (2%). The cooling in the EEP might 
reflect shallowing of the thermocline resulting 
from an increase in stratification produced by the 
decp-occan circulation rearrangements sug- 
gested by 6"C records, Model calculations suz- 
gest that a modest change in the temperature 
difference across the thermocline of only a few 
tenths of a degree can produce changes in the 
EEP SSTs of aver 1°C (9). 

‘The spectral propertics of the Hole 806B SS1 
record provide a powerful test of current 
hypotheses addressing Pleistocene tropical and 
high-latitude climate variability and the mid- 
Pleistocene transition. The spectral resemblance 
between the WEP ([lole 806B) and EEP (ITole 
846) (6) SST records is striking (Fig. 3). Sca 
surface temperature vanations in both end 
members of the equatorial Pacific are statistically 
coherent and in phase within the 2-ky resolution 
of the sites, and both records switch from 41-loy 
to 100-ky-dominant periods durme the MPT 
(fig. $3). Furthermore, the carly Pleistocene Ci-l 
SST rane from both [ole 806B and Tlole 846 is 
similar, 3°€* and 4°, respectively. Voday, SS'l's 
in the EEP are strongly influenced by wind- 
driven thermocline depth changes (27). [n the 
WEP, where the thermocline is very deep 
(100 m), SSls are much less likely to be af 
fected by thermoclne depth changes (9, 20). 
Beeause of this difference, interannual SST 
anomalics in the 1i:P cold tonguc associated 
with the NSO phenomenon are not correlated 
with anomalies near site 806K (Fig. 1). Frrther 
support for differences in the thermal evolution 
of the two equatorial Pacific end members lies in 
the observed lonz-tenm thermal stability of the 
WEP during the interval in which the 1p 
became progressively colder, intensifying Pacit* 
ic zonal gradients after 1350 ky B.P. (Fig. 3). 
These observations suvvest that a mechanism 
that invokes changes in thermocline depth (4) is 
unlikely to explain the observed wann-pool SST 
variability, bocanse such a mechanism would not 
produce strong 41-ky cycles m SST in the WEP. 
On the other hand, as pointed ont by Lin and 
Tlerbert (6), the sense of annual imsolation 
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changes in the tropics as dnven by obliquity 
variations is in the opposite direction of that 
required to dnve the observed tropical SST 
changes. We suggest instead that both cnd 
members of the equatonal Pacific responded to 
a common factor: atmospheric CO, forcing. 

Consideration of the radiative forcing by 
different components potentially implicated in 
the Last Glacial Maximum sugvests that atmo- 
spheric CO, changes are the dominant sonree of 
ridiatve forcme in the tropical ocean regions 
(70). A crucial role of atmospheric CO, in fore- 
ing tropical and Southem [Jemisphere climate 
vanlability is strongly suggested by the obser- 
vation that Antarctic air temperatures (27, 22), 
topical SSTs (27), and bottem-water temper- 
atures (23) are in phase with atmospheric CO, 
and lead benthic foraminiferal 8'“O by several 
thousand years during the late Pleistocene. [n 
the same manner, spectral comparisons between 
tropical SST records from the three sites in the 
tropical Pacitic and foraminiferal §'“O over the 
carly Pleistocene reveal that all three SST 
records lead toraminiferal 8'“O by 3 to 7 ky at 
the dominant 41-ky period (table $3). The 
mferred lead of SST over continental ice 
volume mics out the hypothesis that tropical 
SST vanability is controlled by the direct radia- 
tive influence of Northern Hemisphere conti- 
nental ice sheets, The observed pattem of early 
and mid-Pleistocene tropical climate variability, 
marked by synchronous and similar maynitude 
SST cycles in both the warm and cold end 
members of the tropical Pacific, and with a 
clear lead of both over continental ice volume 
changes, is remarkably similar to late Pleisto- 
cene climate observations (7/). Uhe character of 
Pleistocene climate evolution suygests that the 
shift in tropical climate variability from a 41-ly 
toa 100-ky—dominated system (Figs. 3 and 4) is 
the result of changes in greenhouse forcing as 
mediated by the radiative effect caused by 
variability in atmospheric CO,. We speculate 
that the global carbon system, acting as an 
intemal sclfsustained oscillator sensu (4), was 
paced by obliquity changes dunng the early 
Pleistocene (24): this response shifted to the ec- 
centicity envelope of precession after the mid- 
Pleistocene transition. Future reconstructions of 
atmospheric CO, extending back to the MPT, 
projected as part of the [uropean Project for [ec 
Coring in Antarctica (PICA) (22, 25), would 
be a direct test of this hypothesis. 
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Recent Ice-Sheet Growth in the 
Interior of Greenland 


Ola M. Johannessen, '* Kirill Khvorostovsky,? Martin W. Miles,*° 
Leonid P, Bobylev? 


A continuous data set of Greenland Ice Sheet altimeter height from European 
Remote Sensing satellites (ERS-1 and ERS-2), 1992 to 2003, has been ana- 
lyzed. An increase of 6.4 — 0.2 centimeters per year (crn/year) is found in the 
vast interior areas above 1500 meters, in contrast to previous reports of high- 
elevation balance. Below 1500 meters, the elevation-change rate is -2.0 _ 0.3 
cm/year, in qualitative agreement with reported thinning in the ice-sheet 
margins. Averaged over the study area, the increase is 5.4 _ 0.2 cm/year, or 
~60 cm over 11 years, or ~54 cm when corrected for isostatic uplift. Winter 
elevation changes are shown to be linked to the North Atlantic Oscillation. 


The Greenland Ice Sheet is an object of increased 
attention for at least two reasons related to global 
climate change (/, 2). First, complete melting of 
the ice shect would raise the global sca level up 
to 7 m. This process, expected to occur on a 
millennial time scale, should begin when the 
entical ~3°C threshold for Greenland climate 
warming is crossed, perhaps before the end of 
this century (2, 3). Second, mereased Greenland 
lec Sheet melt and freshwater input into the 
northem North Atlantic Ocean have been the- 
orized to weaken or even disrupt the global 
thermohaline circulation on a relatively rapid, 
multidecadal time scale (4, 5). Here, we address 
changes in the surface elevation of the interior of 
the Greenland Ice Sheet, which is pertinent to 
both of these critical issues through glacier mass 
balance, i.e., accumulation minus losses. 

The response of the Greenland Ice Sheet to 
climate forcing is not straightforward, because 
variability in solar radiation, greenhouse gases 
(GHGs), atmospheric circulation, surface tem- 
perature, cloud cover, precipitation, and albe- 
do, as well as glacier-flow dynamics, may 
affect the magnitude, rate, and direction of 
changes in glacier mass balance (/—3, 6), Ef- 
forts to measure changes in the Greenland Ice 
Sheet from field observations and aerial and 
satellite remote sensors have improved our 
knowledge over the past decade, although 
there is as yet no consensus assessment of the 
overall mass balance of the ice sheet (6). There 
is nonetheless considerable evidence of melt- 
ing (7-9) and thinning (70, 77) in the coastal 
marginal areas in recent years, as well as indi- 


‘Mohn-Sverdrup Center for Global Ocean Studies and 
Operational Oceanography, Nansen Environmental 
and Remote Sensing Center, Bergen, 5006, Norway. 
2Geophysical Institute, University of Bergen, 5OO7, 
Nonway. *Nansen International Environmental and 
Remote Sensing Center, St. Petersburg, 197101, 
Russia. 4Bjerknes Centre for Climate Research, Ber- 
gen, 5007, Norway. “Environmental Systems Analysis 
Research Center, Boulder, CO 80303, USA. 


*Ta whom correspondence should be addressed. 
E-mail: ola.johannessen@nersc.no 


cations that large Greenland outlet glaciers can 
surge at subdecadal time scales (/2). possibly 
in response to climate. Less known are changes 
that may be occurring in the vast clevated 
interior area of the ice sheet, although a balance 
has heen reported based on some tracks of 
aerial laser altimetry, unevenly sampled in 
space and time (/f, /3). This underscores the 
need for long, continuously sampled data sets, 
such as those derived from satellite altimetry. 
Whereas decadal and longer sutellite-derived 
data sets have been developed for surface melt 
(7-9), the surface-elevation data sets analyzed 
previously have been discontinuous (70, 77, 13) 
and relatively short (/4). 

Therefore, we derive and analyze a contin- 
uous satellite altimeter height record of Green- 
land Ice Sheet elevations by combining 
European Space Agency (ESA) ERS-1 and 
ERS-2 data to (i) determine the spatial patterns 
of surface elevation changes over an 11-year 
period, 1992 to 2003, (ii) determine seasonal 
and interannual variability of the surface eleva- 
tion over the same period, and (iii) investigate 
how observed elevation changes are linked to 
the North Atlantic Oscillation (NAO) pattern of 
atmospheric circulation (/5), which we hypoth- 
esize to have an underappreciated role on the 
Greenland Ice Sheet surface elevation through 
its effect on winter precipitation. This is a 
critical issue, as the NAO index (/6) is pre- 
dicted to become more positive in response to 
increasing GHGs (/7, /8). 

The data set analyzed here to identify 
Greenland Ice Sheet surface-elevation changes 
is based on 11 consecutive years of ERS-1 and 
ERS-2 radar altimeter height measurements 
(79), The methodology used to calculate ele- 
yation changes 1s based on the crossover anal- 
ysis usm the differences m ice-made altimeter 
heights at crossing points of the satellitc-orbit 
eround tracks (79). Elevation change rates 
(df f/d?) were calculated for 0.5° latitude x 
1.0° longitude cells usmg two methods. In the 
first method the dff4d method (27) we 
used all available crossovers, The dd was 
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detenmmed as a slope of a linear fit to the 
crossover difference of clevations versus time 
interval using descending minus ascending 
orbits. The second method the time series 
method {22)}-—-was applied to form seasonally 
averaged time scrics of clevation change. using 
descending minus ascending orbits and asvend- 
ing minus deseending orbits (/9). ‘hus, the first 
method gives the spatial elevation change 
averaged for the entire time interval, whereas 
the second method allows investigation of the 
temporal variability of spatial averages. 
Tlowever, to merge ERS-1 and ERS-2 as 
onc data set. it is essential to account for bias 
between the satellites. ‘lo achieve this, we de- 
veloped and applica the following procedures. 
We applied the systematic 40.9-cm offset, with 
ERS-2 bemg lower then ERS-1, specitied by 
ESA (22) and confirmed by Brenner and 
colleagues (23), before investigating the re- 
maining bias. Although there was a year 
(1993 to 1996) when the satellites operated in 
tandem, the number of :-RS-1/EERS-2 crossover 
points available during this periad is con- 
sidered insufficient to determine the between- 
satellite bias directly trom elevation differences 
during the overlap (/9). Therefore, we esti- 
mated the bias usmg a large number (8 mil- 
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Fig. 1. Greenland, showing the boundaries (thick 
line) of the ice sheet and major ice divides (thin 
lines), adapted from (73). The colors indicate ice- 
sheet elevation change rate (dH/dt) in cm/year, 
derived from 11 years of ERS-1/ERS-2 satellite 
altimeter data, 1992 to 2003, excluding some ice- 
sheet marginal areas (white). The spatially aver- 
aged rate is 154 0.2 cm/year, or ~5 cm/year 
when corrected for isostatic uplift. The white areas 
between the color-coded pixels and the thick line 
delimiting the ice sheet indicate no observations. 
Latitude in “N, longitude in “W. 
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lion) of crossover points between ERS-1 orbits 
during its whole period of operation from 
1992 to 1996 and ERS-2 orbits trom a penod 
of equal Jength, 1995 to 1999, inelnding the 
1-year overlap, ziving higher reliability (79) 
(fig. 51). Uhe calculated spatially avcraged 
ERS-1/ERS-2 bias is 21.5 — 2.0 cm. The bias 
is spatially variable, and the effect of the bias 
on determining ¢H¢t trom the crossover data 
varics from typically ~2 cm*year over the 
intenor plateau to about 20 cm‘year over ice- 
sheet margins (7%). We applied this bias for 
each ERS-1 x ERS-2 crossover point betore 
calculating the dd? average for each cell. 

The spatial pattern of variability derived 
from the dH/dt method is mapped as the 
11-year elevation-change rate for each cell 
(Fig. 1), based on 45 million crossover points 
distributed over three data sets: ERS-1 (ERS-1 x 
ERS-1), ERS-2 (ERS-2 x ERS-2), and ERS-1 
and ERS-2 (ERS-1 x ERS-2). Positive dH/dt 
values are generally found over most of the 
high-elevation areas, with largest positive val- 
ues of up to 10 to 20 cm/year in southwestern 
(<69°N) and eastern Greenland between 74°N 
and 77°N. The largest negative values, —25 to 
—30 cm/year, are found in several parts of 
western Greenland, where independent aerial 
altimetry in 1997 and 2002 to 2003 also found 
the greatest thinning (//). Negative values are 
also found in southeastern Greenland (63°N 
to 66°N) and in the northeastern ice stream 
(78°N to 80°N), with values of —10 to —15 
cm/year. The regional differences in elevation 
change reflect, to varying degrees, the loca- 
tion of ice divides (Fig. 1), notably between 
southwest and southeast Greenland, +10 to 
+20 cm/year and —5 to —15 cm/year, respec- 
tively. The most substantial thinning is ob- 
served over outlet glacier areas, particularly in 
western, southeastern, and northeastern Green- 
land, which implies a dynamic mechanism in 
addition to changes in precipitation and melt- 
ing [e.g. (24, 25)]. 

The surface-elevation change rate avet- 
aged over the Greenland Ice Sheet [excluding 
those marginal cells with unreliable data 
(/9)] is +5.4 + 0.2 cm/year, or ~60 cm for 
the period 1992 to 2003. We have partitioned 
the variability into different elevation bands 
of 500-m intervals, starting at <1500 m and 
extending to >3000 m (Table 1). Below 
1500 m, where summer melting is pronounced, 
the mean did is 2.0 + 0.9 eméycar for the 
period 1992 to 2003, Above 1500 m, the mean 
did is 6.4 + 0.2 emiycar. Uhese df tid? 
values are obtained before correcting for 
isostatic uplift, which is estimated to be ap- 
proximately 0.3 cm/year averaged for the 
entire Crroenland lec Sheet (26). When adjusted. 
for average uplit, the overall ice thickness 
changes are thus about | 5 cmyear or 54 cm 
over 1] years, whereas above 1500 m, these 
valucs are about 6 cnvyear or 65 cm over 1] 
years. The latter results are in contrast to the 
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Table 1. Spatially averaged elevation-change rates {dH/dt) and SE partitioned over different elevation 
bands of the Greenland Ice Sheet, 1992 to 2003, not corrected for isostatic uplift. The uncertainties {-} in 
columns 2 and 3 are SE when averaging results within each band. The values in column 3 are SE of the 
slope of the linear fit determined for each cell. The areas corresponding to each elevation band are 
indicated in column 4. These values exclude those cells with unreliable, discarded data (Fig. 1) (79), 


mostly from the lowest elevation band. 


Elevation band (km) DH/dt {cm/year) 
=15 260109 
15-2 56+05 
2-25 7010.4 
2.5-3 64+03 
=3 55+03 
All elevation bands 5.4102 
Fig. 2. Interannual vari- 50 

ability of spatially aver- 

aged Greenland Ice “0 

Sheet elevation, shown 30 


as anomalies from the 
11-year mean, 1992 to 


2003. The data are ” 
aggregated into areas 10 
>1500 m elevation (red) 
and <1500 m (blue), in- 
dicating divergent trends 


since 2000. The vertical 
bars indicate SE when 
averaging the results for 
each cell 
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0.4 10.04 155.1 
0.3 + 0.03 228.2 
0.2 1 0.02 398.9 
02+0.01 458.3 
0.1+ 0.01 140.3 
0.2 10,01 1380.7 
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Fig. 3. Spatially averaged changes 307 
in winter Greenland Ice Sheet 
elevation (red) and winter NAO 
index (blue), lagged 1 month, 
1992 to 2003. Winter elevation 
change during, eg, 1994/1995 
was determined by subtracting 
autumn 1994 from winter 1994/ 
1995. For elevation, winter is 
defined as December-January- 
February with, e.g., winter 1994/ 
1995 specified as 1995. The cor- 
relation coefficient between ele- 
vation change and the NAO index 
is -0.88 when lagged 1 month, e.g., 
November-December-January for 
the NAO and December-January- 
February for elevation. 
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high-clevation balance reported previously 
(20, 23), based on spatially and temporally dis- 
continous observations, in contrast to om 11- 
year data set compnising 43 million crossover 
points. The positive changes observed here 
mmply increased accumulation, supported by 
evidenee that clevation changes in the interior 
of Greenland can be attibuted pnmanily to 
snow accunmlation (27). 

The time-senes analysis (29) of eleva- 
tion changes spatially averaged over al] cells 
<1300 m and »1500 m indicates seasonal 
and intcrannnal variability of up to tens of em 
(Fig. 2). Below 1500 m, there is no significant 


Year 


ay : 


NAO index 


4 


1983 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 


Year 


trend until 1999, after which a negative trend 
of ~6 em‘year is evident. Above 1500 m, the 
positive change is 6.1 — 0.6 cméyear, con- 
fimning the result trom the ¢#d? method. The 
overall clevation change derived from the 
time-series method is +3.3 1 0.5 cm/year, also 
confirming the «df vd? result. 

Regional temperature and precipitation are 
both influcneed by the NAO (73). Because 
the NAO in winter strongly affects precipita- 
tion, with e ~ 0.75 for model-caleulated total 
precipitation for Greenland and r ~ —0.80 for 
southern Greenland (28). we hypothesized that 
the NAO weather and precipitation pattem 
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Fig. 4. Composite winter sea-level A 
pressure (mb) in Greenland and 
surrounding areas (A) 1994/1995 
and (B) 1995/1996, which have 
positive and negative NAO index 
values, corresponding to negative 
and positive changes in Greenland 
Ice Sheet surface elevation, respec- 
tively (see Fig. 3). Data are from 
National Centers for Environmental 
Prediction (NCEP)/National Center 
for Atmospheric Research (NCAR) 
Reanalysis (35). 


strongly affects ice-sheet elevation change. [Iow- 
ever, systematic precipitation meastrements arc 
available almost exclusively for the coastal 
stations and not the interior, such that the NAO 
index may serve as a proxy for precipitation. 
Therefore, we examine the direct relation 
between Greenland Ive Sheet elevation change 
and the NA) index (76). [levation changes 
dunng winter have been calculated from the time 
scrics using the differences between winter 
(December-January-February) and the preceding 
autinin (Septeniher-Octoher-November). Figmre 
3 shows ice-sheet elevation changes dummz 
winter and the winter NAO index for 1992 to 
2003, The conelation between elevation changes 
and the NAQ is maxinmm when lagged onc 
month, ¢.g., November-December-January for 
the NAO and December-January-February for 
elevation, with + ~ —O.88 {s < 0.05, df= 10), 
thus explaining about three-quarters (#7 ~ 0.77) 
of the elevation changes. The conelutions for 
spring, summer, and autunin arc, as expected, 
lower: 0.04, -0.08, and -0.28, respectively, im- 
plying no significant effect of the NAO during 
these seasons, The winter correlation (-0,88) 
is stronger than the above-mentioned corrcla- 
tions for the NAO and modeled Greenland 
precipitation (28), which iniplics that the NAO 
index is a very good proxy for wunter pre- 
cipitation data. Therefore, strongly negative 
NAO-index conditions lead to increased accu- 
mulation and clevation change during winter- 
time, and viee versa. This is exemplified by the 
changes observed from 1994/1995 ( 10.1 em) 
to 1995/1996 (| 11.6 cm), associated with a 
record positive-to-negative NAO reversal (2.46 
to 3.16) (Fig. 3). 

The relation is based not only on the in- 
tensity of the NAC) but also on the develop- 
ment and position of the Icelandic Low (29), 
which, for cxample. shifted sonthwestward to 
Cape Farewell between 1994/1993 and 1995/ 
1996 (Fig. 4), giving higher precipitation cspe- 
cially in southem Greenland. Tlowever, in other 
years, a weak negative NAO index may be duc 
simply to a weakly developed Icelandic Low, in 
which case the clevation change is barely 
positive, as in 2001 (Fig. 3). The relationship 
appears weak in the most recent years, since 
2001, with the NAO index relatively neutral. 
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The observed correlation between the NAO 
and icc-shect clevation changes suggests that 
tuture trends m the NAO could influence the 


Greenland [cc Sheet surface clevation. ‘he 
winter NAO index trend has been generally pos- 
itive since the 1960s, although during our 1992 
to 2003 study period, the trend happened to be 
slightly negative. hence the observed increase in 
elevation. Model expenments with increasing 
atmospheric concentrations of CIHGs generally 
indicate an increasing (positive) NAO and a 
slight northeastward displacement of the [cclan- 
dic Low im the future (77, 278} —both implying 
less winter accumulation over Ciroenland. 

Nonetheless, as mentioned, the NAO can 
explain about three-quarters of the surface 
elevation changes, leaving us to speculate on 
other factors. A modeling study (3) of the 
Greenland Ice Sheet mass balance under ereen- 
house global warming has shown that tenper- 
ature Increases up to 2.7°C lead to positive 
mass-balance changes at high clevations (duc to 
accumulation) and negative at low elevations 
(duc to mnoff execeding accummlation), con- 
sistent with our findings, which implies that 
perhaps a quarter of the growth may he caused 
by global warming m Greenland (37) in our 
observation period. Furthermore, the observed. 
elevation change implies that ice-sheet growth 
in the interior of Greenland may partly offsct 
the treshwater flow of the retreatmg subpolar 
glaciers needed to explain the freshening rate of 
the world ocean, which can be explained almost 
entirely by Arctic sca-ice melt (32). 

[In conclusion, we have presented new cvi- 
dence of (i) decadal increase in surface cle- 
vation (~5 em/ycar) within a study arca 
comprising most of the Cireenland Ice Sheet. 
1992 to 2003, caused by accumulation over 
extensive areas in the interior of Greenland: 
(ii) divergence in clevation changes since the 
year 2000 for areas above and below 1500 m, 
with high-clevation increases and Jow-clevation 
decreases, the former in contrast to previous 
research (7f), 73): and (iii) negative correlation 
between winter elevation chanves and the NAO 
index, suggesting an underappreciated role of 
the winter season and the NAO for elevation 
changes a wild card in Greenland Ice Sheet 
mass-balance scenanos under global wang, 
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There arc, however, caveats to consider. 
First, we cannot make an integrated assessment 
of elevation changes—let alone ice volume 
and its cquivalent sea-level change for the 
whole Greenland Ice Sheet, including its outlet 
glaciers. from these observations alone, be- 
cause the marginal areas are not measured 
completely using ERS-1‘RS-2 altimetry (sce 
Fig. 1). It is conceivable that pronounced 
ablation (c.g., ff, #7) in low-clevation mar- 
inal areas could offset the elevation increases 
that we observed in the interior arcas. Second, 
there is large interamnual to decadal variability 
in the high-latitude climate system including 
the NAO, such that the 11-year-long data set 
developed here remains too bricf to establish 
long-term trends. Therefore, there is clearly a 
need for continned monitoring using new satel- 
ite altimeters—inecluding advanced ones with 
improved ice-sheet ranging in stecper coastal 
areas—and other remote-sensing and field ob- 
servations, together with numerical modeling 
to calculate the mass budvet through net losses 
and net input from snow (33). 
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The ancestry of modern Europeans is a subject of debate among geneticists, 
archaeologists, and anthropologists. A crucial question is the extent to which 
Europeans are descended from the first European farmers in the Neolithic Age 
7500 years ago or from Paleolithic hunter-gatherers who were present in Europe 
since 40,000 years ago. Here we present an analysis of ancient DNA from early 
European farmers. We successfully extracted and sequenced intact stretches of 
maternally inherited mitochondrial DNA (mtDNA) from 24 out of 57 Neolithic 
skeletons from various locations in Germany, Austria, and Hungary. We found 
that 25% of the Neolithic farmers had one characteristic mtDNA type and that 
this type formerly was widespread among Neolithic farmers in Central Europe. 
Europeans today have a 150-times lower frequency (0.2%) of this mtDNA type, 
revealing that these first Neolithic farmers did not have a strong genetic influ- 
ence on modern European female lineages. Our finding lends weight to a pro- 
posed Paleolithic ancestry for modern Europeans. 


Agriculture originated in the Fertile Creseent of 
the Near East about 12,000 vears azo, from 
where it spread via Anatolia all over [urope (7). 
It has been widely sugeested that the global ex- 
pansion of fammng included not only the 
dispersal of cultures but also of genes and lan- 
guaves (2), Archaeological cultures such as the 
Linewr pottery culture (Linearbandkercmik or 
LBK) and Alftldi Vonaldiszes Keramia (AVK) 
mark the onset of farming in temperate re- 
gions of Europe 7300 years ago (3). These 
carly farming cultures originated in Hungary 
and Slovakia, and the LBK then spread rapidly 
as far as the Paris Basin and the Ukraine (4, 5). 
The remarkable speed of the LBK expansion 
within a period of about S00 years. and the gen- 
eval unifomnity of this archaeological unit across 
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a territory of nearly a million square kilome- 
ters (Fig. 1), might indicate that the spread 
was fueled to a considerable degree by a migra- 
tion of people (6-8). On the other hand, a num- 
ber of archacological studics suggest that local 
European hunter-gatherers had shifted to fuming 
without a large-scale uptake of genes tiom the 
first fammers (4-27). Genetic studies camied out 
on modem Europeans have led to conflict 
results, with estimates of Neolithic input into the 
present population nngng tiom 20 to 100% 
(42 20). A theoretical simulation study by Ciutat 
and Excoffier (22) has recently sugeested a mi- 
nor contribution, clearly less than 50%, and pos- 
sibly much less, Conclusive ancient DNA studies 
on skeletons of the first Huropean farmers have 
so far not been published to our knowledze. 
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To resolve the question regarding the extent 
of the Neolithic female contribution to the 
present European population, we collected 37 
Neolithic skeletons from 16 sites of the LBK/ 
AVK culture trom Gennany, Austna, and Tun- 
gary. These include well-known archacolog- 
ical sites such as Flombom, Schwetzingen, 
Hilslchen, Asparn-Schletz, and several new ex- 
cavations; for example, from [Lalberstadt and 
Derenburg Mecrensticg [[. All human remains 
were dated to the LBK or AVK period (7300 ta 
700) years ago) on the basis of associated cultural 
finds. We extracted DNA from bone and teeth 
from the morphologically well-preserved individ- 
uals, and we amplified nucleotide positions {nps) 
15997 16409 [sce supporting online material 
(22)| of the muitochondnal genome with four 
overlapping primer pairs. In addition, we typed a 
number of coding-region mtDNA polymor 
phisms. which are diagnostic for major branches 
in the mtDNA tree (22). 

From a total of 57 LBK*AVK individuals 
analyzed, 24 individuals (42%) revealed repro- 
ducibly sucecssful amplifications of all four 
pnmer pairs from at least two independent 
extractions usnally sampled from different parts 
of the skeleton. Eighteen of the sequences 
belonged to typical western Miasian mtlNA 
branches; there were seven IT or V sequences, 
five T’ sequences, four K sequences. one J sc- 
quence, and one U3 sequence (table $1). ‘hese 
18 sequenees are common and widespread in 
modern uropeans, Near [asterners, and Cen- 
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ig Linear Pottery Culture (LBK) . 


‘Bl ted Linear Pottery citure (AVG) 


Fig. 1. Geographic range of the first Central European farmers. The orange and red areas indicate the 
widest distribution of the earliest Neolithic farming cultures LBK and AVK after 7500 years before the 
present. Circles represent sites with Nia haplotypes, and triangles represent sites with other 
haplotypes. Names are given for N1a sites only. For details on the archaeological sites, see table $3. 


Table 1. mtDNA sequences of the six Neolithic N1a types. Sequences are presented as variant nucleotide 
positions relative to the Cambridge Reference Sequence (37). Nucleotide positions are given, less 16000. 


Individual ID no. 
Derenburg 1 DEB1 
Derenburg 3 DEB3 
Halberstadt 2 HAL2 
Flamborn 1 FLO1 
Unterwiederstedt 5 UWSS5 
Ecsegfalva 1 ECS1 


tral Asians, and thus these 18 lincages lack the 
detailed temporal or geographic discnmination 
required to test the hypotheses we are cxan- 
ing, even though some of them have previ- 
ously been suggested to be of Neolithic origin 
on the basis of modem DNA studies (75). We 
therefore concentrated on the mtLNA types 
identified in the other six individuals. 

‘The most striking result is that 6 of the 24 
Neolithic skeletons are of the distinctive and rare 
Nila branch. For verification, we sequeneed 517 
clones denved trom independent extractions from 
different parts of the six individuals. All six 
showed the suite of mutations characteristic of the 
Nla lmeage. Five of these six individuals display 
dittrent Nla types, whereas Flombom 1 and 
Derenburg 3 show identical Nla types (Table 1). 

The observed distinct Nla types rule out the 
possibility of contamination with modem sam- 
ples, which can be a problem in ancient human 
DNA studies. It is myplausible that the five types 
are from five different modern contaminants, be- 
cause the frequency ofthis type today is very low 
anywhere in the world, at about 0.2% (23 25) 
(fig. $1). It is also unlikely that the sequence 
variations sccn within the five Nla types are 
the result of random postmortem DNA damaze 


mtDNA sequence 15997-16409 


147.4 172.0 223.7 248.7 355.7 

147.A 172.C 223.7 248.T 320.T 355.T 

086.C 147.A 172.C 223.T 248.T 320.T 355.T 
147.A 172.C 223.7 248.T 320.T 355.T 

129.A 147.A 154.C 172.C 223.7 248.7 320.7 355.T 
147.4 172. 189.C 223.T 248.T 274.4 355.T 


(26. 27). becanse three ont of six sequence types 
that we have identified precisely match modem 
sequences previously published in the literature 
(table $2 and supportmy references): finally, two 
fiuther Nla types (HAL2 and UWSS) precisely 
Hit into predicted but previously unobserved an- 
cestral nodes in the Nla phylogeny (Fig. 2), mn- 
derlming the authenticity of the ancient DNA. 

The high frequency of our Neolithic Nla 
lneaves is not a local phenomenon but is wide- 
spread in the LBK area: Independently sampled 
locations in TIungary and Genmany, over 800 km 
apart, cach yielded one or more Nla types (Fig. 
1). The modem geovraphic spread of Nla types 
partly reflects the Neolithic sitnation, albeit at a 
much lower modem frequency: All Neolithic LBK 
types fall into the “European” Nila sub-branch, 
and this sub-branch today is rare but widespread in 
Euope and adjacent parts of Asia and North Afnica 
(Fiz. 3). The AVK sample ECS1 shows 161890, 
which is charactenstic of the Central Asian 
branch, but in this case is plausibly a parallel 
mutation in the European branch, because po- 
sition 16189 mutates nich more rapidly than the 
contlicting 16320 position (28). 

We next addressed the question of whether 
the 150-times lower tiequency of Nla in modem 
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Europeans might be due to simple genetic drift 
over the past 7500 years. Given a frequency of 
Nla within our Neolithic sample of 25%, the fre- 
quency in the Neolithic LBK population is 
estimated to lie between 8% and 42% (95% con- 
fidence interval, based on binomial standard error). 
Even the lower limit of 8% contrasts markedly 
with an Nla frequency of 0.2% (5 in 2300) in 
modem mtDNA samples in the LBK area between 
the Paris Basin and Hungary. Qualitatively, mod- 
em Europeans therefore do not appear to be 
maternally descended from the first farmers. How- 
ever, there remains a possibility that modem 
European maternal lineages are descended from 
the early farmers but that the Nla type has been 
lost during the past 7500 years through genetic 
drift. We therefore applied computer simulations 
to test whether the frequency of the Neolithic Nla 
types could have been drastically decreased by 
drift alone in the past 7500 years. 

We simulated a scenario that would maxi- 
mize the chance that Nla has been lost by ge- 
netic drift in the conse of the past 7500 years. 
The simulation showed that we should observe at 
least 74 Nla’s out of the 2300 modern samples. 
In fact, 95% of the total runs ended showing be- 
tween 119 and 259 Nla’s in the modern sample. 
Next, we alowed migration between the Neo- 
lithic population and the surrounding population 
per generation, The smulation showed that a mi- 
gration rate of 1% per generation throughout 
7425 years between the Neolithic population and 
the stutounding population is not cnough to re- 
duce the Nla percentage to the low value ob- 
served today, because only 5.5% of the total mns 
ended in <6 Nla’s in the modem sample. 

These sinlations reject the simple hypothe- 
sis in which modem Europeuns are direct de- 
scendants of these first farmers and have lost Nla 
manly by genetic diift. [ence the simulations 
confirm that the first farmers in Central Miuope 
had limited success m leaving a genetic mak on 
the fomale lincages of modern [uropeans. This is 
in contrast to the success of the Neolithic fammng 
culture itsclf, which subsequently spread all over 
Europe, as the archaeological record demonstrates, 
One possible explanation is that the farming 
culture itself spread without the people ongmally 
carrying these ideas. This includes the possibility 
that small pioneer groups camed fiammy into new 
arcas of [‘tuope, and that once the technique had 
taken root, the surrounding hunter-gatherers 
adopted the new culttre and then outnumbered 
the original farmers, diluting their Nla frequency 
to the low modern valuc. Archacological research 
along the Western periphery of LBK and isotope 
studies of some of our sampled individuals seem 
to support the idca that male and female hunter- 
gatherers were integrated mta the Neolithic com- 
munities (3, 74, 29). ‘his hypothesis implics that 
Nla was roe or absent n Mesolithic Europeuns, 
which may he a reasonable assumption given the 
ranty of the Nla type anywhere in the world (Fig. 
3). An alternative hypothesis is a subsequent post 
early-Neolthic population replacement in Europe, 
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Fig. 2. Network of ancient and 
modern N1a types showing three 
phylogeographic branches. The 
African/South Asian branch (green) 
contains those N1a sequences char- 
acterized by 16147G, whereas the 
European branch (blue) and its Cen- 
tral Asian subcluster (orange) are 
characterized by 


Africa/South Asia 


16147. The six early Neolithic DNA sequences are shown in red. Two of these ancient 


farmers (HAL2 and UWSS5) fall into hitherto unsampled but predicted nodes, further confirming the 
authenticity of the ancient DNA. The Central Asian subcluster is at least 2500 years old, because the nodal 
Central Asian N1a type had been found in a Scytho-Siberian burial in the Altai region (30). Circles and pie- 
slice sizes are proportional to frequencies, and mutated nucleotide positions are shown along the branches. 


Fig. 3. Madern geographic spread of the three N1a branches. Blue circles depict the European branch of 
Nia, orange circles the Central Asian branch of N1a, and green circles the African/South Asian branch. The 
three N1a branches are defined in the network of Fig. 2. The smallest circle size corresponds to a local 
frequency of 0.18%, and larger frequencies are indicated by proportionately larger circles. 


eliminating most of the Nla types. Archaeolog- 
ical evidence tor such an event is as yet scant. 
The results from the Neolithic sample show 
that other mtlINA lincages considerably diluted. 
the mtDNA pool of these early Neobthic pop- 
ations, so that the frequency of Nla in modern 
Europeans is 150 times lower than in our sample 
of the first Central lropean farmers. ‘This is 
incompatible with the idea that modem Central 
[nrepeans and by implication other [uropeans 
beyond the LBK‘AVK area—denve their mater- 


nal lineazes purely from the eurlest tammers of 
that rexion. Within the current debate on whether 
Europeans are genetically of Palaeolithic or 
Neolithic origin, and leaving aside the possibility 
of sigmificant post-Neolithic migration, our data 
lend weight to the arguments for a Palacolithic 
ongin of Europeans. 
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Photosynthetic O, Formation 
Tracked by Time-Resolved 
X-ray Experiments 


M. Haumann,” P. Liebisch, C. Muller, M. Barra, M. Grabolle, 
H. Dau* 


Plants and cyanobacteria produce atmospheric dioxygen from water, powered 
by sunlight and catalyzed by a manganese complex in photosystem II. A classic 
§-cycle model for oxygen evolution involves five states, but only four have been 
identified. The missing $, state is particularly important because it is directly 
involved in dioxygen formation. Now progress comes from an x-ray technique 
that can monitor redox and structural changes in metal centers in real time 
with 10-microsecond resolution. We show that in the O,-formation step, an 
intermediate is formed—the enigmatic S$, state. Its creation is identified with 
a deprotonation process rather than the expected electron-transfer mecha- 
nism. Subsequent electron transfer would give an additional S,° state, thus 
extending the fundamental S-state cycle of dioxygen formation. 


In plants, algac, and cyanobacteria (bluc- 
green algae), both electrons and protons are 
extracted from water molecules in a light- 
dnven process denoted as photosynthetic 
water oxidation (7, 2). Atmospheric dioxygen 
{O,) is formed as a by-product. The reactions 
leading to ©, formation procced at a tetra- 
Manganese complex bound to the proteins 
of photesystem [1 (PSI) and involve a near- 
by tyrosine radical (Y,,/). There has been 
exciting progress toward clucidating the struc- 
ture of PSH (3-6), cluding a first crystal- 
lographic modcl of the manganese complex 
(3), but the mechanism of O, formation has 
remained obscure. : 

Since 1970, the paradigm for under- 
standing ©, cvolution has been the S-state 
cycle proposed by Bessel Kok (7). This mad- 
c] involves five oxidation states (S states) 
of the PSII donor side. Four of these are 
stable for several seconds (S,, S,, 5,. and 
S,) and have been characterized, but evi- 
dence for an S, termediate is lacking. In 
the S-cyele model, O, formation requires 
successive absorption of four light quanta 
that can be provided by short flashes of 
light. By driving electron transter trom do- 
nor to acceptor side of PSII, cach flash ini- 
tates an S-state transition until the 5, state 
is reached (Fig. 1). Subsequently, dioxygen 
is released. The §, state is concomitantly 
formed, as the previously accumulated oxi- 
dizing equivalents are used for O-O bond 
formation. he clusive S, state is a transient- 


Freie Universitat Berlin, FB Physik, Arnimallee 14, D- 
14195 Berlin, Germany 


*To whom correspondence should be addressed. 
E-mail: haumann@physik.fu-berlin.de (M.H.}; holger. 
dau@physik.fu-berlin.de (H.D.) 


www.sciencemag.org SCIENCE VOL 310 


ly formed intermediate of ©, formation in 
the $,—5, transition. It is particularly im- 
portant because it represents the starting 
point for O-O bond formation. Because the 
S$, state is dark-stable (ground state), the 
first four laser flashes dnve the transitions 
$,7S,. $,°8,, 5,75,. and 8,78,. Di- 
oxygen is formed on the third flash in the 
S,>S, transition, but with the lack of iden- 
tification of an S, intermediate, this crucial 
transition is poorly understood. 


4st 
Photon y j 


Photon 
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Recently, the O,-formation step in PSI 
from cyanobacteria was inhibited by high 
oxygen pressure and, on the basis of ul- 
traviolct absorption (UV) changes, it was 
proposed that an intermediate state had 
been stabilized (4). Pitfalls of this clegant 
expenment are the uncertain role of the 
proposed intermediate at ambient oxygen 
pressure and the unclear relation between 
UV absorption changes and the redox state 
of the PSIT manganese complex. Instead 
of attempting to trap intermediates by in- 
hibiting dioxygen formation, we took the 
course of monitoring the redox processes 
at the fully functional manganese complex 
in real time by time-resolved x-ray absorp- 
tion spectroscopy (XAS). We investigated 
highly active PSII in its native membrane 
environment at ambient oxygen pressure 
and temperature and were able to identify 
the enigmatic 5S, state formed before 0-0 
bond formation. In addition, we propose 
an extension of the classic S-state cycle 
(Fig. 1). 

XAS at the K cdgc of manganese probes 
changes in oxidation state and local struc- 
ture specifically for the x-ray absorbing 
Mn ions (¥, 20). Thus, time-resolved XAS 
is ideal for monitoring the kinetics of the 
individual steps in the catalytic cycle of the 
PSIL manganese complex. XAS_ experi- 
ments involving a treeze-quench technique 
have been used te study alcohol dehydro- 
genase Intermediates with a time resolution 
of 3 ms (77, /2). Tracking the faster S-state 


Fig. 1. Extension of the classic 
S-state cycle of photosynthetic 
oxygen evolution. The classic S- 
cycle model has been proposed by 
Kok (7) on the basis of the flash- 
number dependence of the O, 
yield that was first observed by 
Joliot and Joliot (26). The oxygen- 
evolying complex {OEC) at 
the PSII donor side comprises a 
manganese-calcium complex (4 
Mn and 1 Ca) and its protein 
environment. Often also a nearby 
tyrosine {Y,) is included as an 
integral part of the OEC (7-4). 
Driven by the sequential absorp- 
tion of four light quanta, which in 
the present study were provided 
by four laser flashes, the OEC is 
stepped through its reaction cy- 
cle. After absorption of a photon, 
a chlorophyll cation (P..,-) is 


formed, which oxidizes Y,. The tyrosine radical {Y,") then extracts one electron from the Mn 
complex. The S, state is dark-stable; 5, and S, are formed by one and two light-driven oxidation 
steps, respectively. The third photon induces the SS, transition and dioxygen is released; the 
fourth photon closes the cycle. Proton release {27) not representing a distinct, rate-limiting step 
has been omitted. Existence and formation rate of the S, state are uncovered in the present 
investigation. The S, intermediate is not formed by electron transfer to Y," but by a deprotonation 
reaction. In S,, four oxidizing equivalents have been accumulated by the OEC, including Y,’. The 
classic $-state cycle is extended by the S,’ state that represents a hypothetical intermediate in 
which four electrons have been extracted from the Mn complex, including Mn ligands and the two 


substrate water molecules. 
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transitions of the PSIT manganese complex 
required an improvement in time resolu- 
tion by more than two orders of magni- 
tude. On the basis of our studics of the 
semistable § states by XAS at room tem- 
perature [(/3 76): for the first flash-and- 
freeze study, see (77)], we have developed 
an approach (/6) that makes possible the 
direct observation of $-state transitions by 
XAS. 

Facilitated by the high flux and stabil- 
ity of the x-ray beam at a third-generation 
synchrotron (European Synchrotron Radi- 
ation Facility, beamline ID26, Grenable, 
France), we could follow changes in the 
Mn x-ray fluorescence after laser-flash il- 
lumination of PSIL with a time resolution 
of 10 pws (Fig. 2). At an excitation enerey 
of 6552 eV. for S,—-S, (first flash) and 
5,5, (second flash) the exponential ab- 
sorption decrease indicated oxidation of the 
Mn complex by the tyrosine radical Y, 
with halftimes of 70 ps and 190 ps, respec- 
tively; for Sy, (fourth flash), the t,., 
was <34) us. 

For 5,5, (third flash), the laser flash 
induced an absorption increase duc to Mn 
reduction by the substrate water {t,.. = 
1.1 ms): however, this was preceded by 
a lag phase of about 230 us (Fig. 2). This 
lag phase suggested a kinctically resolv- 
able intermediate. [lowever, for transients 
collected at 6552 cV, it could not be un- 
ambiguously assigned to an intermediate 
in the S,—=S, transition. An absorption- 
change contribution from a minor fraction 
of PSII that undergoes the S,—S, transi- 
tion on the third flash (due to PSII that did 
not turn over on the first laser flash. the so- 
called “misses”) might mimic a lag phase. 
A time-resolved XAS experiment at 6556 
eV clarified the situation because at this 
cnergy, no change in the x-ray absorption 
is observed for $8, (25). A sizable lag 
phase was still present (Fig. 3). proving the 
existence of a kinetically resolvable in- 
termediate in the transition from the $,Y_ 
to the $,Y., state. The intermediate is 
formed before the Mn-reducing/O.,-forming 
step and thus represents the long-searched- 
for S, state (SOM ext). Two advantages 
of the XAS approach facilitated the dis- 
covery of S,. First, im contrast to previous 
studics that used visible light instead of 
x-rays to probe reactions in PSII, abso- 
lute manganese specificity is ensured. Scc- 
ond, the trace collected at an isosbestic 
point of the S,—S, transition (6556 cV) 
removes the ambiguities due to imperfect 
turnover on the previous S-state transi- 
tion. Of note is that the predicted perox- 
idic S,* intermediate (8) was not observed 
at ambient oxyzen pressure. The reaction 
sequence S,>S,*—5,, conld lead to a bi- 
phasic absorption increase on the third flash 


in the time-resolved expenment at 6552 eV, Three observations enable us to identify the 
but Figs. 2 and 3 indicate monophasic Mn — chemical nature of the S, intermediate: (i) 
reduction. Formation of a Mn-oxo species (Mn’=0, 
Laser flash Fig. 2. Oxidation and reduction 

1v of the Mn complex of PSII 


monitored by time-resolved 
70 ps x-ray measurements. Nanosecond 
flashes of green laser light ini- 
tiated the S-state transitions. 
For 5 ms before and 15 ms after 
each flash, the protein samples 
were exposed to x-rays of 6552 
bi eV. The time course of the Mn 
K, fluorescence was recorded, 
because the intensity of the 
x-ray fluorescence measures the 
probability for x-ray absorption 
at the chosen excitation energy 
[normalization of AF(t) to an 
edge-jump of unity as described 
in 5) The time resolution was 
10 ps per data point; five data 
points were averaged for the 
third-flash data. At 6552 eV, 
oxidation/reduction of the PSII 
manganese complex results in 
= SS SS Secieaselincresee OF F(t) (fig. $1). 
Time [ms] Monoexponential {first and sec- 
ond flashes) or biexponential 
(third and fourth flashes) simulations led to the solid lines and the indicated halftimes that 
correspond to the following first-order rate constants (in s~1): 9.9 x 10? (8, »S,), 3.6 x 10? 
(S,5.), 6.3 x 10? (reduction on $,—5,), and =2 x 10* (S,-S,). 
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Fig. 3. Intermediate formation 

A 6556 eV in the oxygen-evolving 5,5 

3 12 transition induced by the third 
3 vy¥ 2 ; laser flash. In (A), x-ray fluores- 

¥ B cence changes, AF, are shown for 


x-ray excitation at 6556 eV. At 
this energy, AF is zero for the 
S, >S, transition (75), as dem- 
onstrated in {B). (The minor 
second-flash change visible in 
(B) is due to the 14% of PSII 
that “missed” the first flash and 
therefore undergoes the S, >S, 
transition on the second flash.) 
Thus, at an excitation energy of 
6556 eV, the lag phase of ~250 
us duration can be unambigu- 
ously assigned to intermediate 
formation; correction for miss 
events on preceding flashes is 
not required. In (C}, the x-ray 
fluorescence transient measured 
at 6552 eV was corrected for 
Mn=O0 miss contributions leading to the 
formation 6541.5 eV same lag phase behavior as ob- 
served at 6556 eV. For the 
corrected transient shown in 
(C), the logarithmic plot in (DB) 
demonstrates the duration of 
the lag phase and the monopha- 
sic Mn reduction thereafter. A 
2:-101293 45 6 7 logarithmic plot for the transient 
in (A) yielded the sane picture 
Time [ms] ines 4 In {E), a transient mea- 
sured at 6541.5 eV (pre-edge fea- 
ture) is compared to the time course expected for Mn—O formation (fig. 55). The smooth lines in (A), 
(C), and (E) were obtained by simulations for a consecutive reaction scheme with k, — 3.3 ms—' and 
k, — 0,62 ms 1. 


X-ray Fluorescence, AF(t) [%] 
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0.1 eV 


Fig. 4. Energetic (A) and mechanistic (B) schemes 
for S, formation in the $,—S, transition. Three 
steps are considered in the mechanistic model 
shown in {8}: {1) Absorption of a photon is fol- 
lowed by Y, oxidation within <1 us, a process 
coupled to a proton shift within the hydrogen bond 
to a histidine residue (His190 of the D1 protein) 
(28-30). (2) The positive charge stemming from Y, 
oxidation promotes, with a halftime of about 200 


He 


H @ -200ns 


is, proton shifts and deprotonation of Arg357 of the CP43 protein. This assignment of the 


deprotonating group is tentative, but plausible (23) 


. The proton is moving in a bucket-brigade-type 


mechanism along the proton path identified in (5) toward the lumenal surface. 5, formation by 
deprotonation of the Mn complex may enable the subsequent reaction steps in two ways. (i) 
The redox potential of the Mn complex is lowered, facilitating electron transfer to Y,”. (ii) The 
deprotonated group acts as a proton acceptor in the O-O bond formation step (25). (3) S, 
formation is followed by electron transfer to Y,". This process formally corresponds to formation 
of the S,’ state in Fig, 1 but is kinetically indistinguishable from Mn reduction and ©, formation 


(identical halftimes of ~1.1 ms). 


oxygen connected by a double bond to five- 
fold oxidized manganese) before the weater- 
oxidation step has been proposed fe. g., 
in (/&)]. but this possibility can be ex- 
cluded because it would give a transient 
tisc of the pre-cdge amplitude at 6541.5 
eV, which is not observed (Fig. 2E). (21) 
The same lag-phase behavior is observed 
throughout the edve region (fig. $6), indi- 
cating S, formation without Mn oxidation 
or structural changes of the Mn complex. 
The Jag phase is also shorter than the 
millisecond halftime of electron transfer 
to YZ (79, 20}, which matches the t,,, of 
Mn reduction. Thus, the oxidation states 
of the Mn complex and of Y, remain un- 
changed upon §, formation. (111) We mea- 
sured recombination fluorescence emitted 
by the chlorophyll antenna of PSII and 
show that the Gibbs free energy of $, for- 
mation is pH-dependent and cxhibits an 
I1,0'D,0 exchange effect (figs. $7 and $8). 
The temperature dependence indicates that 
S$, formation is entropically driven, as pre- 
dicted for proton release into the bullk-phase 
water (AG = -0.1 eV or -10 kJ‘maol at pII 
6.4 and 25°C: Aff—- O11 oV: FAS -— 0.2 
eV). An S, formation by deprotonation and 
proton release into the bulk-phase water 
can explain the recombination-fluorescence 
results as well as the x-ray absorption lag. 
The x-ray absorption is increasing with the 
onset of Mn reduction after deprotonation 
of a base close to the Mn complex. This 
conjecture is consistent with proton-releasc 
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measurements (2/) and electrochromism 
studics (22). 

On the basis of the above findings, we 
do not identify S,-state formation with clec- 
tron transfer trom the Mn complex to Mons as 
has heen proposed, but with the formation 
of a base B by a deprotonation process. 
Crystallographic data facilitates a tentative 
attribution of & to Arg337 of the CP43 
protein (23) (Fig. 4): direct deprotonation 
of substrate water also is conceivable. 

Classical electron transfer (24) is not di- 
rectly coupled to protonation state changes 
of donor (reductant) or acceptor (oxidant). 
Ilydrogen-atom transfer is the joint move- 
ment of proton and electron to an []-atom 
acceptor (or abstractor). Formation of a Mn’- 
oxo species (Mn*=0), in the S, state, by 
II-atom transter ftom a Mn" -hydroxo (Mn'*- 
OID) to the tyrosine radical (Y,—-Y,II) 
has been a centerpiece of an influcntial hy- 
pothesis on photosynthetic water oxidation 
(/8). Here, we report evidence for an alter- 
native mechanism, a “proton-first” electron 
transfer, where the oxidation of Y,, induces 
likely electrostatically—a deprotonation re- 
action that is a prerequisite to the subsequent 
electron transfer to YZ" (25). 

Our identification of S, formation as a 
deprotonation process bears mechanistic 
implications and will spur further investi- 
gations on this key step in photosynthetic 
water oxidation. It also leads to an cxten- 
sion of the S-state cycle because the de- 
protonation must be followed by electron 
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transfer to Y,,", thus implying an S,’ state 
(Fig. 1). Uhis time-resolved x-ray experi- 
ment takes us a step closer to the goal of 
watching biological function in real time. 
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Small-Molecule Inhibition 
of TNF-a 


Molly M. He,’ Annemarie Stroustrup Smith,” Johan D. Oslob," 
William M. Flanagan," Andrew C. Braisted,' Adrian Whitty,” 
Mark T. Cancilla,’ Jun Wang,‘ Alexey A. Lugovskoy,? 

Josh C. Yoburn,' Amy D. Fung," Graham Farrington,” 

John K. Eldredge,’ Eric $. Day,? Leslie A. Cruz,> Teresa G. Cachero,? 
Stephan K, Miller,’ Jessica E, Friedman,’ Ingrid C, Choong,’ 
Brian C. Cunningham'* 


We have identified a small-molecule inhibitor of tumor necrosis factor o 
(TNF-c) that promotes subunit disassembly of this trimeric cytokine family 
member. The compound inhibits TNF-« activity in biochemical and cell-based 
assays with median inhibitory concentrations of 22 and 4.6 micromolar, re- 
spectively. Formation of an intermediate complex between the compound and 
the intact trimer results in a 600-fold accelerated subunit dissociation rate 
that leads to trimer dissociation. A structure solved by x-ray crystallography 
reveals that a single compound molecule displaces a subunit of the trimer to 
form a complex with a dimer of TNF-« subunits. 


Direct mhibition of TNF-e by the commercial 
biological agents ctancrecpt (lénbrel, Amgen 
Incorporated, Thousand Oaks, CA, Wyeth 
Pharmacentivals, Collegeville, PA), infliximab 
{Remicade, Centovor, IIorsham, PA, Schering- 
Plough, Kenilworth, NJ), and adalinumab 
(IIumira, Abbott Laboratones, Abbott Park, 
(L) has produced significant advances in 
theumatoid arthntis treatment and validated 
the extracellular inhibition of this proinflam- 
matory cytokine as an effective therapy. 
However, despite considerable incentives, via- 
ble leads for analogous small-molecule in- 
hibitors of ‘TNK-ce have not been reported 
(7). Thus far, small-molecule antagonists of 
TNE- activity have typically been limited 
to inhibitors of the processing enzyme TACE 
(2). uncharacterized inhibitors of TTNF-@ cx- 
pression (3-7), uncharacterized inhibitors of 
TNE-ce cell-based assays (8, 9), and other in- 
tracellular pathway inhibitors that antagonize 
nuclear factor «B (NF-KB), activating protein 
1 (APL), or c-Jun N-terminal kinase (INK)/ 
p38 signal transduction. Although progress 
has been made in developing small molecules 
capable of disrupting such protcin-protein 
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interactions, this process remains a very 
diffienlt challenge (/0, 47). 

We discovered a compound (Fig. 1A) 
composed of trifluoromethylpheny] indole 
and dimethyl chromone moieties linked by a 
dimethylamine spacer that inhibited TNF-o 
receptor binding (/2). Potency measurements 
showed a median inhibitory concentration 
(IC;,) of 22 M for inhibiting in vitro TNF 
receptor ] (UNFR1) binding to INF-ce (Fig. 
1B). Comparable potency was observed for 
inhibiting “'NF-g-mediated stimulation of 
inhibitor of NF-«B (IkB) devradation in 
HeLa eclls but not for orthogonal interleukin- 
18 (L-1f)}Hmediated stimulation of the same 
pathway (Fig. 1C). 

The x-ray crystal structure was solved for 
TNE-@ compound complex crystals gener- 


ated trom an equimolar mixture of TNF-« and 
compound in solution (table $1). Prior cfforts 
to produce diffraction-quality co-crystals by 
soaking compound into native TNK-c crystals 
had failed and often resulted in the cracking of 
these crystals. Molecular replacement with 
the coordinates trom a single subunit of the 
LUNEF.pdb stricture (73) readily solved the 
structure after failures with intact trimer 
coordinates. [his phenomenon was explained 
when it was revealed that the compound had 
displaced one of the subunits from the TNF-@ 
tuimer (Fig. 2A). The resulting TNF-o dimer 
retained the same basic structural subunit fold 
as the native trimer, but the angle between 
the subunits within the dimer was slizhtly 
widened (Fig. 2B). Clear x-ray density 
showed the compound bound within a shal- 
low pocket (Fig. 2C) and contacting residucs 
trom each subunit of the TNF-a dimer (table 
$2). Remarkably, these contact surfaces are 
found completely buried within the subunit 
interfaces of the intact 'NF-@ trimer crystal 
structure. 

The compound in this structure is in a 
compact conformation, with the tnfluoro- 
methylpheny] indole and dimethyl chromone 
moieties folded back upon one another. The 
binding surface for the compound on the ‘| NF-@ 
dimer is composed of 16 contact residues, 
including 6 tyrosine residues (Kig. 219). Nine 
are presented from cham A [L37, Y59, $60, 
Qél, Y119, L120, G121, 122, and Y151 
(24)]. The remaining seven are a subset of 
these residues presented from chain B (LS7’. 
S97, $607, ¥119", L120’, G121, and Y141'). 
‘The identity of the residues that occupy these 
positions in other tamene cytokine family 
members is shown in table S82. Uyr'l? is 
notable in being located close to the threetold 
symmetry axis of the TN-c trimer and in 
making contact with its counterparts from the 
other monomeric subunits. Its chi-1 angle ro- 
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Fig. 1. (A) Chemical structure of the small molecule TNF-« inhibitor. See (72) for synthetic route 
used. (B) Compound inhibition of TNF-c binding to TNFR1 in vitro. An ELISA (72) was used to 
measure inhibition of solution-phase TNF-R1 horseradish peroxidase conjugate binding to 
biotinylated TNF-c immobilized on a strepavidin-coated microtiter plate by serial dilutions of 
compound. The solid line represents a four-parameter curve fit (20) that yielded an IC,,, value of 
22 uM. (C) Compound inhibition of TNF-c induced IkB-c depletion in HeLa cells. Cells were 
treated with sufficient TNF-« or IL-1B to give an 80% of maximal IxB-«« depletion response after a 
30-min exposure (0.4 and 0.04 ng/ml, respectively), as measured in an assay of cell lysates (72). 
Solid circles show that compound addition inhibits this TNF-a—induced IxB-o depletion and yields 
an IC, value of 4.6 uM. Open circles show that compound addition does not affect orthogonal IL- 
1$-induced IxB-c depletion. Error bars indicate standard deviations for triplicate measurements. 
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Fig. 2. (A) X-ray crystallog- 
raphy structure of the TNF-a 
dimer—compound complex. 
(B) Shift in subunit orientation 
within the TNF-a dimer— 
compound complex. Super- 
position of the TNF-a trimer 
structure (gray) with the 
TNF-c dimer-compound com- 
plex structure (yellow-blue) 
shows a slight widening 
in the angle between the 
subunits at the compound 
binding site. (C) View of 
compound binding site on 
the TNF-a dimer. Image 
shows the 2F, — F_ electron 
density omit map of the 
compound (contoured to 
1a) calculated from phases 
derived from refinement of 
the structure without com- 
pound (mesh). The binding 
pocket can be seen to com- 
prise residues from both 
chain A (yellow) and chain B 
(blue). (D) B sheet secondary 
structure around the com- 
pound binding site and the 
location of six tyrosine resi- 
dues that contact the com- 
pound. The tyrosines are 
colored-coded with Tyr? 
(tan), Tyr?5’ (purple), and 
Tyr'19 (blue) residues being 
presented from both chain A 
and chain B. 


Fig. 3. Displacement of subunits A 
from the TNF-« trimer by com- = soaaq 
pound. (A) Singly biotinylated 3H-  & 
TNF-c: immobilized on a SPA flash 9 = gonna 
plate was exposed to a titration of 2 
compound (72). Graph shows in- — 3 sooqq 
creasing losses of the immobilized 2 
TNF label from the surface (y axis) & 10000 


after exposure to increasing com- 
pound concentrations for 60 min. 0 
Losses measured before washing = 
away dissociated label are shown 
as open circles, and those after 


7 6 8 A da 
Log [compound] {M} 


Relative TNF-R1 binding 


n 


6 5S 4 3 
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washing are shown as solid circles. {B) Singly biotinylated but unlabeled TNF-« immobilized on a 
strepavidin-coated microtiter plate was likewise exposed to a titration of compound as described 
(72), The microtiter plates were then washed, and functional TNF-« trimer measured by ability to 
bind TNFR1 peroxidase conjugate. Graph shows increasing losses of the binding competent TNF-« 
(y axis) upon 60 min of exposure to increasing concentrations of compound (IC,, — 13 4M). Error 
bars indicate standard deviations for triplicate measurements. 


tates 138° and 124° (for chains A and B. re- 
spectively) to accommodate compound bind- 
ing and TNF-a dimer formation. Other side 
chain movements are relatively minor. In spite 
of burying abont 330 A2 (75) of protein sur- 
face, no intermolecular hydrogen bonds or salt 
bridges are formed, suggesting that the intcrac- 
tion is largely hydrophobic and shape-driven. 

Because the compound contacted residues 
that are bumed in the TNF-« tnmer, we 


examined whether it could dissociate the 
timer under the conditions used for the in 
vitro activity measurements. ‘To this end, we 
immobilized sinzly biotinylated *II-TNF-« 
trimer onto a scintillation proximity assay 
(SPA) microtiter plate. Addition of the 
compound at concentrations that inhibit 
TNFR binding induced shedding of subunits 
from the TNK-o trimer (Fig. 3A). [éxperi- 
ments measuring the decrease In receptor 
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binding after washing away dissociated sub- 
units gave an [€,, of 13 LM (Fig. 3B). This 
was reproducibly twofold more potent than 
the value when receptor was present along 
with the compound (Fig. 1B), consistent with 
the notion that (NFR1 binding can stabilize 
TNE-« timer. 

Beeanse the crystal structure indicated 
that the compound should induce forma- 
tion of TNE-c dimer, we cxamined wheth- 
er this could be observed in solution. To this 
end, we used mass spectrometry to cxam- 
ine the oligomeric state of [NF-r in the 
presence of the compound (/2). Conditions 
were established that allowed the measure- 
ment of the noncovalently associated TNF-a 
trimer (Fig. 4A). Compound addition under 
these conditions resulted in the conversion 
of UNK-@ trimer to dimer (Fig. 4B). Addi- 
tionally, about 20% of the TNF-c dimer 
observed existed as a complex with a single 
compound molecule, thereby reproducimg the 
stoichiometry observed in the x-ray structure. 
Lastly, we performed hydrogen-deuterium 
exchange experiments to check for the ex- 
pected increase in exposed surface area per 
‘UNE-e@ subunit in the dimer form. Mcasure- 
ments showed that addition of compound 
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Fig. 4. Data showing compound-induced formation of TNF-« dimer in solution. (A) Detection of 
TNF-c oligomeric state by mass spectrometry. Spectrum is a deconvoluted neutral scale mass 
spectrum of noncovalent TNF-« trimer complex visualized as three peaks due to plus and minus 
N-terminal methionine heterogeneity of TNF-« sample. The observed masses of 52,052, 52,182, 
and 52,312 daltons corresponds to the trimer complex containing either zero, one, or two subunits 
with N-terminal methionines, respectively. (B) Analogous spectrum of 10 uM TNF-« incubated 
with 100 1M $P307. Masses at 34,704 and 35,252 correspond to noncovalent complex of TNF-o 
dimer and TNF-«c dimer—-compound, respectively. (C) Increase in TNF-« exchangeable hydrogens 
induced by compound. Plot shows time course for hydrogen-deuterium exchange of 1 uM TNF-« 
dissolved into either D,O alone {open circles} or D,O plus 30 uM compound {solid circles). 
Procedure was performed as described (72). Calculations of exposed surface area predict 88, 99, 
and 110 exchangeable hydrogens for each subunit within the TNF-« trimer, dimer, and monomer 
structures, respectively (27, 22). (D) TNF-« subunit dissociation rates in the presence and absence 
of compound. The relief of fluorescence homoquenching of 100 nM T7C-AF TNF-« after dilution in 
a 200-fold excess of unlabeled TNF-« was used to monitor subunit disassociation from TNF-o 
trimer (solid circles). Nonlinear regression analysis using the appropriate kinetics equation (72) 
gave a calculated rate of 0.000093 s ' per monomer dissociation event {solid circles). Addition of 
30 uM compound to the homoquenching assay accelerates the observed time course of 
fluorescence increase and yields a calculated rate constant of 0.059 s ' per monomer dissociation 
event (solid triangles). Open circles show fluorescence in the absence of added unlabeled TNF-tx. 
Error bars represent the standard deviation of triplicate measurements. 
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caused about 13 additional hydrogens per 
TNF-« to become surface-exposed (Fig. 4€). 
This number compares favorably with the 
1) additional exchangeable hydrogens cal- 
emated for the T'NK-e dimer relative to the 
published TNF-« timer structure (72), These 
results suggest that the TNK-@ dimer is more 
prevalent than TNF-o monomer {22 expected 
additional exchangeable hydrogens) under 
these conditions, 

We considered two possible models to 
explam how the compound acts to cause 
formation of TNF-ce dimer. In the first, 
predissociation-dependent model, the com- 
pound functions passively by binding to 
and stabilizing the TNF-« dimer only after a 
TNE-@ trimer subunit has spontancously 
dissociated. In the second, predissociation- 
independent model, the compound functions 
actively by interacting with the TNF-« tamer 
to promote the dissociation of a subunit to 
form TNF-a dimer. 
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To discem which mechanism operates, we de- 
veloped a sensitive fluorescence homoquenching— 
based assay (76) to examme the kinetics of 
subunit dissociation trom the TNF-« timer. In 
this assay, we monitored the decrease in fluo- 
rescein homoquenching that occurs when close- 
ly associated molecules become scparatecL A 
TNE-« mutant (T7C) having a tiee thiol in the 
region of the disordered N terminus was 
covalently coupled to the S-1odoacetumido- 
flourosecin (5-[AF) so that cach subunit of 
TNE-« timer was fluorescently labeled. Bind- 
ing analysis of this highly fluorescent adduct 
reagent (called T7C-AF) showed it possessed 
the sane affinity for TNFR1 as did unmodificd 
wild-type TNF-o. 

Addition of the 1'7C-AF reagent to a 200- 
fold excess of unlabeled TNF-o resulted in a 
time-dependent increase in fluorescence as 
dissociating T7C-AF subunits were replaced 
by subnnits not fluorescently tagged (Fig. 419). 
Fitting the resultmg curves to the appropriate 


kinetic equation (72) by nonlinear rezression 
analysis allowed us to determine the dissoci- 
ation rate of monomer subunits from the 
TNE-c trimer to be 0.000093 s 1. The 
addition of 30 uM compound resulted in a 
much more rapid subunit dissociation rate of 
0.057 s~1, representing a 600-fold accelera- 
tion from the spontancons dissociation rate of 
TNF-« (Fig. 4D). Additionally, tame course 
experiments using the TNFR] enzyme-linked 
immunosorbent assay (ELISA) showed rapid 
TNE-ce inactivation consistent with these 
measurements (fiz. $3). The highly acceler- 
ated dissociation rate indicates that the com- 
pound actively promotes subunit dissociation 
and functions through the predissociation- 
independent model described previously. ‘his 
finding implies that the initial step for 
inactivation is the binding of the compound 
to TNF-c timer to form an intermediate 
complex that undergocs accelerated subunit 
dissociation. 

We found evidence for compound assaci- 
ation with intact timer trom studies done at 
superphysiological [NK-e@ concentrations. 
Analysis by sedimentation equilibnum of a 
mixture of 45 pM UNK-c and 68 UM com- 
pound was performed, and compound migra- 
tion within that mixture was tracked by its 
absorbance at 310 nm. The compound 
migrated with an apparent molecular weight 
consistent with bemg bound to intact TNF-o 
trimer (fig. $4). Morcover, measurements by 
tandem vel filtration and dynamic light scut- 
tering showed that 3 to 30 uM TNE-@ con- 
centrations retained the molecular weight of 
trimer in the presence of 30 pM compound 
(table $3). Lastly, we showed that the intrinsic 
tryptophan fluorescence (ITF) of 0.5 to 5 LLM 
TNF-o was 85% quenched by addition of 
50 uM compound, suggcsting that the com- 
pound is bound in proximity to Trp*® and 
‘Trp™ within the TNE-re trimer. Measure- 
ments of the rate of restoration of TNF-o 
ITE after a 10-fold dilution of this quenched 
complex to a concentration well below the 
IC, of the compound showed that the cffeet 
is reversible and that the dissociation rate of 
the compound from the TNE-@ trimer is rapid 
(fig. 55). 

Taken together, our results indicate that 
the compound-associated INF-@ trimer pre- 
dicted by the predissociution-independent 
model cxists and represents a more weakly 
associated oligomence form than the free TNF-o 
trimer. Under lower physiologically relevant 
TNE-o concentrations, this proposed com- 
plex is highly unstable and rapidly inacti- 
vated by subunit dissociation. [lowever, at 
higher superphysiological UNF-c concentra- 
tions there is sufficient TNF-« present to sta- 
bilize compound-associated ‘INF-o trimer as 
the prevalent form at equilibnum. 

The co-strneture and mechanism of ac- 
tion of the TNF-« inhibitor described herein 
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demonstrates that small molecules that tunction 
by disrupting tightly preassociated oligomeric 
proteins are feasible. Although small-molecule 
inhibitors that block dimer formation cxist for 
a number of intracellular homodimene pro- 
teins (/. #7), many may function throngh a 
predissociation-dependent mechanism, For 
exaniple, an inhibitor (/8, /9) of inducible ni- 
trous oxide synthase (INOS) inhibits the in- 
tracellular association of iNOS monomers 
into enzymatically active INOS dimer yet is 
inactive against isolated dimeric INOS. [n- 
hibitors of this type may have limited utility 
against extracellular preassembled multimenc 
proteins like I'NF-ce that have very slow spon- 
taneous subunit dissociation rates. 

In contrast, the TNE-@ inhibitor we de- 
senbe binds to the intact biologically active 
trimer and accelerates subunit dissociation to 
Tapidly inactivate the cytokine. Interestingly, 
this activity together with the co-structure of 
the TNF-a dimer compound complex sug- 
gests that the compound is able ta access the 
normally buned interior of TNF-« trimer. It is 
possible that the compound achieves this by 
exploiting an intiinsic dynamic breathing be- 
tween the subunit interfaces that may ocenr in 
solution-phase TNF-« timer, but the precise 
mechanism by which the compound functions 
remains to be elucidated. The results we have 


descnibed should enable the design of appropn- 
atc assays that may allow for the identifica- 
tion of potent small-molecule inhibitors that 
inactivate nultimeric protcins via a rapid 
predissociation-independent subunit dissoci- 
ation process. 
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The third variable region (V3) of the HIV-1 gp120 envelope glycoprotein is 
immunodominant and contains features essential for coreceptor binding. We 
determined the structure of V3 in the context of an HIV-1 gp120 core 
complexed to the CD4 receptor and to the X5 antibody at 3.5 angstrom 
resolution. Binding of gp120 to cell-surface CD4 would position V3 so that its 
coreceptor-binding tip protrudes 30 angstroms from the core toward the 
target cell membrane. The extended nature and antibody accessibility of V3 
explain its immunodominance. Together, the results provide a structural 
rationale for the role of V3 in HIV entry and neutralization. 


The HIV envelope spike mediates binding to 
receptors and virus entry [reviewed im (/)]. The 
trimeric spike is composed of three gpl20 
extenor and three gp41] transmembrane envel- 
ope glycoproteins. CD4 binding to gp120 in 
the spike induces conformational changes that 
allow binding to a coreceptor, cither CCRS 
or CXCR4, which is required for viral entry 
(2 6). Snapshots of the gp120 entry mechanism 
have been visualized through crystal structures 
of unliganded and C’D4-bound states (7, &). How- 
ever, an essential component of the coreceptor 
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binding site, the third variable region (V3), has 
been absent from previous structural charac- 
terizations of the gp120 core. 

V3 typically consists of 33 amino acids 
(range 31 to 39) and plays a mmbcr of 
tmportant biological roles [reviewed in {¥)]. 
Not only is it critical for coreceptor binding, but 
it also deteommes which coreceptor, CXCR4 or 
CRS, will be used for entry (/0). In addition, 
V3 may interact with other elements in the 
viral spike to control the overall sensitivity of 
the virus to neutralization (77). Finally, immu- 
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nization with TIV-1 envelope glycoproteins 
often elicits neutralizing responses directed 
primarily agaist V3 (72, 23). 

The structure of V3 in the context of core 
ep120 bound to CD4, described here, now re- 
yeals the entire coreceptor binding site. We pro- 
pose that V3 acts as a molecular hook, not only 
for snaring coreceptor but also for modulating 
subunit associations within the viral spike. [ts 
extended nature is compatible with the elicita- 
tion of an immunodominant antibody response. 

The extreme glycosylation and contorma- 
tional flexibility of gp120 inhibit crystalliza- 
tion, We used vanational crystallization and 
various technologies adapted from structural 
genomics to obtain crystals suitable for x-ray 
structural analysis (74 76). Constructs of the 
gp 120 core with V3 from three clade B isolates 
(HXBe2, JR-FL, and YU!2) were expressed in 
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Drosophila $2 cells, and the deglycosylated, 
purified proteins were complexed with CD4 
and a CD4-induced antibody (/6). A total 
of 13 different complexes were screened ro- 
botically, and crystallization hits were opti- 
mized manually. The gp120 core with V3 from 
JR-FL (17, 18), when complexed to CD4 (two- 
domain) and the antigen-binding fragment 
(Fab) of the X35 antibody (/9), formed hex- 
agonal crystals that diffracted to approximately 
3.5 A resolution with x-rays provided by an 
Advanced Photon Source undulator beam line 
(SER-CAT) (table S1). The structure was 
solved by molecular replacement (/6) and is 
shown in Fig. 1. 

As expected, the overall assembly of CD4, 
X5, and core gp120 resembled the previously 
determined individual structures of CD4 (20, 2/) 
and of free XS (22) as well as the complex 
of core gp120 bound to CD4 (8, 23). For core 
gp120, some differences were observed in the 
variable loops and also at the N terminus, re- 
gions where variations in gp120 have previ- 
ously been observed (7, 8, 23, 24). Structural 
resemblance was maintained around the base 
of V3, indicating that the previous trunca- 
tion (7, 8, 23, 24) did not distort this region of 
the core. In XS, a large structural difference 
was observed for the third complementarity- 
detemmning loop of the XS heavy chain (CDR 
H3). Comparison of the refined structures of 
free X5 (22) and bound X5 showed Co move- 
ments of up to 17 A, one of the largest in- 
duced fits observed for an antibody (fiz. $1). 

‘The gp120 envelope protein is composed 
of imer and outer domains, named for their 
expected orientation in the oligomeric viral 
spike ($). V3 emanates from neighboring 
staves of the stacked double barrel that males 
up the outer domain; it is almost 40 A long 
from the disulfide bridge at its base to its 
conserved tip, but is otherwise only 15 A wide 
and 5 A decp (Fig. 2). Overall, it can be sub- 
divided into three structural regions: a con- 
served hase, which forms an integral portion 
of the core; a flexible stem, which extends 
away from the core; and a B-hairpin tip. In the 
crystal structure, the flexibility and position of 
the V3 tip may be influcnced by a lattice con- 
tact, in which hydrogen bonds are made to the 
exposed backbone of the V3 B ribbon between 
e34? and Ie*". Tennous side-chain contacts 
are also observed for the returming strand in 
the V3 stem with X5, as well as with V4 ofa 
svmmetry-related gpl20 molecule, but these 
side-chain contacts arc unlikely to influence 
its conformation. 

Features of gp 120 important for coreceptor 
binding have been mapped by mutagenesis to 
two regions: (i) the V3 tip, and (ii) the gp120 
core around the bridging sheet, the V3 base, 
and neighboring residues (25 28). Analysis of 
these two regions on this new structure in- 
dicates that they are conserved in both 
sequence and structure (figs. S2A and $3). 
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The structural conservation of the V3 tip was 
surprising here in light of the apparent flex- 
ibility of the intervenmg stem, but we found 
the V3 tip to be strikingly similar in the con- 
text of the core, in antibody—V3 peptide com- 
plexes, and as a free peptide: such similarity is 
consistent with previous reports of recurmne 
conformations for the V3 tip in antibody- 
pephde complexes (29). The structure shows 
that conserved regions important for co- 
receptor binding are separated by 10 to 20 A 
and by portions of the V3 stem with moderate 
to high sequence vanation (fig. $2). 

limerging data on the structures of the 
coreceptors indicate that the regions identitied 
as being important for binding gpl20 the 
coreceptor N terminus and the second extra- 
eclluar loop may also be spatially scparated 
(30). By integrating the two-site gp120 
binding site on the coreceptor with the two- 
site coreceptor binding site that we observe in 
the core =: V3: gp 120) structure. we propose 
that the N terminus of the coreceptor reaches 
np and binds to the core and V3 base while 
the V3 tip of gp120 reaches down to interact 
with the second extracellular loop of the 
coreceptor (Fig. 3B). Support for this model 
comes from scveral sources: (i) Biochemical 
studics show that the binding of CCRS N- 
termmal peptides to gp120 is affected by 
gp120 alterations only on the core and around 
the base of V3 (28); and (i) small-molecule 
inhibitors of HIV entry that bind to the 
second extracellular loop of the coreceptor 
are observed to no longer affect nrutant 
viruses with V3 truncations (3/). 

Does binding of the V3 tip to the coreceptor 
mitate gp41-mediated contormatonal changes? 
Despite gencral tolerance of the V3 stem to 
changes in sequence, there is less tolerance 


Fig. 1. Structure of an HIV-1 gp120 
core with V3. The crystal structure 
of core gp120 (gray) with an intact 
V3 (red) is shown bound to the 
membrane-distal two domains of 
the CD4 receptor (yellow) and the 
Fab portion of the X5 antibody 
(dark and light blue). In this orien- 
tation, the viral membrane would be 
positioned toward the top of the 
page and the target cell toward the 
bottom. 


tor insertions or deletions than in other gp120 
variable loops. We superiniposed the core 

V3 structure on the modeled gp120 core timer 
that we previously obtained by optimization of 
quantifiable surtace parameters (32). This tn- 
meric model orients gp120 in the context of 
both cell-surface CD4 and the target cell mem- 
brane. Such a superposition projects the highly 
conserved Pro-Gly of the V3 tip 30 A toward 
the target cell membrane (Fig. 3A). 

Ditterent coreceptors, pnmarily CXCR4 or 
CCR5, can support HIV-1] cntry. Sequence 
analysis has defined an 11/25 rule: If the 11th 
or 25th positions of V3 are positively charged, 
yiruses will use CXCR4,; otherwise they use 
CCRS (33). [n addition, V3 sequences are 
more conserved tor CCR5-using viruses (fig. 
$2). lhe structure shows that positions 11 
and 25 {residues 306 and 322) are within 
the variable stem. They cach project about 
the same distance away from the core but are 
scparated by a Cre distance of 17 A (fig. 
$2). This separation suggests that positions 
11 and 25 recognize different portions of the 
coreceptor. 

€:14 induces large conformational changes 
in gp120. Before (D4 binding. V3 may not 
protrude preciscly as observed here for the 
CD4-triggcred coreceptor binding state of 
ep)20 (3, 34). However. structural compari- 
son of unliganded versus (D4-bhound con- 
formations of gp120 (7, $) reveals that the 
local conformation of the region of the outer 
domain from which V3 emanates is mostly 
unchanged. ‘Thus, the extended structure of 
V3 that we observe here should be generally 
representative of V3. 

Immunization with gp 120 or gp120/zp41 in 
various contexts may clicit an innvune response 
in which virtually all of the neutralizing activity 
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Fig. 2. V3 sequence and structure. (A) V3 sequence. The sequences of JR-FL 
(17) and HXBc2 are shown along with the consensus sequence of clades 
A, B, and C. For the consensus sequences, absolutely conserved residues 
are shown in uppercase, with variable residues in lowercase (37). Single- 
letter amino acid abbreviations: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, 
Gly; H, His; |, Ile; K, Lys; M, Met; N, Asn; P, Pro; Q, Gln; R, Arg; S, Ser; T, Thr; 
V, Val; Y, Tyr. The conserved (Arg-Pro) and (Gly-Pro-Gly-Arg) motifs are 
colored yellow and green, respectively, and are highlighted with the same 
colors in (D) and (E). (B) V3 electron density and B values. 2F_.. — Fy. 
density is shown for the entire V3 region and contoured at 10. V3 is color- 
coded by B value from blue (lower atomic mobility) to red (higher 
mobility). (C) V3 structure. The entire V3 is shown (color code: salmon, 
carbon atoms; red, oxygen atoms; dark blue, nitrogen atoms; orange, 
disulfide bond). Regions corresponding to the fixed base, accordion-like 
stem, and B-hairpin tip are labeled. (D) Close-up view of the V3 base. 
From its N terminus (Cys?96), V3 extends the antiparallel sheet on the 
outer domain of gp120. After hydrogen bonding for three residues, 
additional sheet contacts are interrupted by two conserved residues: 
Arg*®, whose side-chain hydrogen bonds to three carbonyl oxygens, 
including two on the neighboring outer domain strand; and Pro?®?, 
which initiates the separation of outgoing and returning V3 strands. In 
the returning strand, antiparallel B-sheet interactions with core gp120 
recommence with the carbonyl of residue 297 and continue to the 
disulfide at Cys?3". Main-chain atoms are shown for the core and V3 
base, colored the same as in (C). Hydrogen bonds are depicted with 
dashed lines, with select distances in A. All atoms of the highly con- 
served Arg?°8, Pro*9?, and Cys*96-Cys?3" disulfide are shown, with Arg 
and Pro carbons highlighted in yellow and disulfide in orange. (E) Con- 
formation of the V3 tip. From Ser2°® to Gly?'4, the main chain 
assumes a standard f-conformation, which terminates in a Gly-Pro-Gly- 
Arg B-turn (residues 312 to 315) (29, 38). After the turn, the returning 
density is less well defined, indicative of some disorder. All atoms of the 
tip are colored as in (C), with carbon atoms of the conserved tip 
highlighted in green. Hydrogen bonds that stabilize the 6 hairpin are 
shown as in (D). 
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Fig. 3. Modeled trimer and co- 
receptor schematic. (A) V3 in the 
context of a trimer at the target 
cell surface. The structure of the 
CD4-triggered gp120 with V3 
was superimposed onto the 
structure of four-domain CD4 
(39) and the trimer model ob- 
tained by quantification of sur- 
face parameters (32). In this 
orientation, the target cell mem- 
brane and coreceptor are ex- 
pected to be positioned toward 
the bottom of the page. (B) 
Schematic of coreceptor interac- 
tion. CCR5 (green) is shown with 
its tyrosine-sulfated N terminus 
{at residues 3, 10, 14, and 15) 
and three extracellular loops (ECLs). V3 {red) is shown with its conserved base interacting with the sulfated CCRS N terminus and its flexible legs allowing its 
conserved V3 tip to reach the second ECL of CCRS5. 


Host cell membrane 


is dirceted at V3. We cxamined the crystal and = the V3 tipinthe core V3 structure permits the — of the HIV envelope from antibody binding 


nuclear maymetic resonance structures of V3- 
reactive antihody-peptide complexes for clues to 
this mmunodominant response (fie. $3). Al- 
thongh the conformation of V3 peptides in these 
antibody-peptide complexes vanes somewhat, 
the Pro-Cily tip is more conserved. Super- 
imposing the conserved tip in the peptides with 


V3 peptide-binding antibodies to be placed in 
the context of the gp120 core. The antibodies 
completely surround V3 (Fig. 4), Although the 
accessibility of V3 may be quite different on a 
pmmary isolate in its pre-CD4 timenic state, 
the extended nature of V3 observed here, when 
coupled to mechanisms that cloak the rest 


(7, 35, 36), 1s consistent with its ability to gen- 
crate an immunodominant response. 

The attributes that we observe for V3 (1e., 
high relative surface area, chemically reactive 
backbone, conformational flexibility, and over- 
all extended nature) may allow V3 to serve asa 
general molecular hook. Betore CD4 binding, 
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Fig. 4. Accessibility of V3 to neutralizing anti- 
bodies. The molecular surfaces of neutralizing 
antibodies that block coreceptor binding are 
shown superimposed onto gp120 in the context 
of V3; antibodies 17b and X5 bind to the 
conserved coreceptor binding site on the core, 
whereas monoclonal antibodies 50.1, 58.2, 59.1, 
83.1, and 447-52D bind to V3. (A) Superposition 
of V3 structures. Core with V3 is shown with V3 
peptides as extracted from peptide—anti-V3 
neutralizing antibody complexes after superpo- 
sition of the conserved V3 tip. (B) Antibody 
accessibility of V3. Core gp120 with V3 (ribbon 
representation) is shown in two perpendicular 
views with Fab fragments (molecular surface 
representation) of antibodies that bind at the 
coreceptor binding site on either core or V3. V3 
is completely surrounded by neutralizing anti- 
bodies, suggesting a high degree of accessibility 
for generating an immune response. 


these attributes would cnhance the ability of 
V3 to grasp neighborng protomers on the viral 
spike. Such quatemary interactions would 
explain V3*s influence on overall neutraliza- 
tion sensitivity for cxample, its ability to 
transfer neutralization resistance trom YU2 to 
HXbe2 (7/4). After C14 binding, the corceep- 
tor binding site forms and V3 would jut prom- 
inently toward the target ecll membrane. [n 
this context, binding at the V3 tip may act as a 
“tipcord” to initiate gn41-mediated fusion. Onr 
results provide a context for coreceptor inter- 
actions and suggest how V3, by altcring quater- 
nary interactions, can influence ITV evasion of 
the imniunc system and also trigger HIV entry 
into cells. The structure itself represents an 


50.1 
58.2 
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447-52D 


elegant evolutionarily malleable solution that 
balances competing requiements of functional 
conservation and antigenic variation. 
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Species Loss and Aboveground 
Carbon Storage in a Tropical Forest 


Daniel E. Bunker,'* Fabrice DeClerck,” Jason C. Bradford,? 
Robert K. Colwell,* Ivette Perfecto,* Oliver L. Phillips, ° 
Mahesh Sankaran,’ Shahid Naeem’ 


Tropical forest biodiversity is declining, but the resulting effects on key eco- 
system services, such as carbon storage and sequestration, remain unknown. 
We assessed the influence of the loss of tropical tree species on carbon 
storage by simulating 18 possible extinction scenarios within a well-studied 
50-hectare tropical forest plot in Panama, which contains 227 tree species. 
Among extinction scenarios, aboveground carbon stocks varied by more than 
600%, and biological insurance varied by more than 400%. These results 
indicate that future carbon storage in tropical forests will be influenced 


strongly by future species composition. 


{In terrestrial ecosystems, finctional diversity 
and relative abundance imfluence both the 
magnitude (7 5) and variability (6) of above- 
ground biomass. Aboveground biomass, in 
turn, substantially determines an ccosystem’s 
potential for carbon storage, which plays an 
important role in the regulation of atmospheric 
CO, and global climate change (7, &). Bio- 
diversity, however, is changing rapidly in 
Tesponse to a vanety of anthropozenic drivers 
(? 73). ‘The potential for terrestrial carbon 
sequestration could be altered sharply by 
ensuing changes in specics conrposition. 

The relationship between diversity and 
aboveground biomass has been examined in 
herbaceous ecosystems such as grasslands 
(3 6), meadows (/4), and wetlands (75). 
These ecosystems, however, account for just 
16% of the estimated 558 Pe (1 Pg — 10 g) 
of carbon stored in vegetation (76). The 
remaining 470 Pg of carbon reside in forests, 
woodlands, and savannahs, more than half 
(54%) of which are tropical. 

In tropical forests, conventional biodi- 
versity manipulations are prohibitively costly 
because of the large number of tree species us 
well as the size and longevity of tropical trees. 
Instead, we simulated species extmctions in a 
diverse tropical forest by using data from the 
50-ha Forest Dynamics Plot on Barto Colorado 
(sland (BC(), Panama (77). Our model, which 
expanded on the approach of Solan and col- 
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leagues (78), cnabled us to establish many 
species combinations and compositions under 
different extinction scenarios to explore the 
realm of possible futures for aboveground 
carbon storage. We sinwulated these cffects on 
aboveground biomass by removing species 
with a probability proportional to extinction- 
related traits {e.g., small population size) and 
replacing the climinated basal arca with a 
yandom draw trom the remaimimg community 
(Fig. 1) (79). We used fanetional traits [wood 
density and volume per unit basal area; see 
equation 51 in (79)] to quantify the above- 
ground carbon pool for each simulated com- 
munity. ‘Thus, variation in functional diversity 
(the diversity of these functional traits among 
species) governs ccasystem response. 

We explored three classes of trait-based 
extinction scenarios that represent a broad 
spectrum of extinction mechanisms (table $1). 
One class consists of extinction associated with 
population traits such as low population growth 
rates, low densitics. and cndemism, which are 
known cartelates of extinction nsk (20-22). 
‘he second class consists of extinction scenar- 
los related to management or harvest strat- 
egics, such as sclective harvest for hardwoods 
or harvesting the most common or the largest 
trees: this sccnario uscs related traits such as 
wood density, stature, and abundance. The 
third class consists of species’ responses to 
environmental change, such as chanves in 
presipitation, rates of disturhanec, or clevated. 
CO, (23, 24). We also included a random 
extinction scenano that serves as a reference 
and reflects the approach commonly used in 
combinatonal biodiversity experiments. 

The extinction scenarios produced diver- 
gent effects In both the magnitude and vana- 
bility of aboveground carbon storage (Fig. 2 
and table $1). For instance, the extinction of 
species with the lowest wood density led to 
sttong increases (+75%) m carbon storage 
(Fig. 2. G to 1, and table $1). whereas the loss 
of species that attain large stature resulted in a 
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strong decline in carbon stocks (Fig. 2, D to 
F, and table $1). Lixtinetion scenarios demon- 
strated different degrees of loss of biological 
insurance (i.c., decreasing predictability or in- 
creasing vanlability as species are lost) (Fig. 2). 
For instance, the loss of endemic species re- 
sulted in relatively less loss of biolovical in- 
surance, largcly hocause endemics tend to be 
locally rare and contuibute little to total carbon 
stocks (Fig. 2. 8 to UL and table $1). These 
ditferences in loss of biological msurance are 
attributable to the extent of variability in func- 
tional traits, which is strongly dependent on 
species identity and community composition. 
Anthropogenic effects on tropical forest 
diversity vary widely, Selective logemg typi- 
cally removes a small number of species from 
a community (25), whereas conversion to for- 
est plantations removes all but onc or two spe- 
cies. Our results show that selective logging for 
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Fig. 1. Impact of tree-species extinctions on car- 
bon storage within an extant tropical forest. El- 
lipses represent input and output variables, solid 
arrows represent process steps, and squares 
represent the three states of the BCI 50-ha forest 
plot, in which circles represent trees of different 
diameter and species identity. On the basis of the 
relationship between known composition and 
relative abundance of trees in the 50-ha plot and 
current aboveground carbon storage (top), future 
carbon storage (bottom) can be estimated under 
different extinction scenarios. Extinction scenar- 
ios use trait-based responses to environmental 
change (e.g, habitat fragmentation and elevated 
CO,). The middle square represents the transi- 
tory state in which extinction has led to reduced 
abundance. After compensatory growth that re- 
places basal area lost to extinction, plant traits 
are used to estimate the ecosystem service of a 
less diverse forest. RGR, relative growth rate. 
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species with high wood density, large diam- 
eter, high basal areca, or maximal wood vol- 
ume will likely lead to overall declines m 


respectively (Fig. 2 and table $1). In con- 
trast, conversion to plantations that use spe- 
cles with high wood density may increase 


never harvested (Fig. 2, G to [, and table $1). 
However, conversion to plantation may cause 
decreases in belowvround carbon and reduce 


carbon storage of 70, 29, 17, and 21%, 


aboveground carbon storage by up to 75% if 
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other ecosystem services such as fruit pro- 
duction or water quality. 

{n addition to dircet anthropogenic forces, 
changes in forest composition have been 
observed in natural forests of the Amazon, 
where increased stem tumover and liana 
abundance may favor fast-growing specics 
(24, 26, 27), Our results sugeest that if this 
trend persists, a shift toward fast-growing 
species in tropical forests could lead to a 34% 
decrease in carbon storage (Fig. 2. M to ©. 
and table $1). Climate observations and 
mode] predictions (25, 29) both suggest con- 
tinued decreases in precipitation over nuch 
of the humid tropics. Our model predicts a 
slight increase in carhon stocks (10%), 
with a shift toward drought-tolerant species, 
and notably, a 48% increase in the loss of 
biological insurance relative to random ex- 
tinction (Fig. 2. P to R, and table $1). Uhns, 
species diversity may provide increased bi- 
ological insurance in the face of specics loss 
due to reduced precipitation, 

ur results should not be interpreted as spe- 
cific predictions tor future carbon storaze but 
rather as an assessment of the relative cffects 
of nonrandom species losses. Drivers of biadi- 
versity change will likely alter additional mecha- 
misms that regulate carbon storage. For example, 
disturbances caused by sclective logging de- 
crease carbon storave in the short term, whereas 
inereased precipitation may increase carbon 
storaze through etiécts on net pnmary productiv- 
ity. [n addition, because we based our specics- 
poor communities on the observed composition 
and basa] arca of the BCI plot, the retained 
species Maintain their relative abundance and 
size-fiequency distributions within these impov- 
erished communities. For this reason, to the 
extent that complementarity, facilitation, and 
sampling effects (72-32) occur in the intact 
50-ha plot, these forecs have equivalent cffccts 
in our simulated communities and are Invanant 


Fig. 2. Representative results of simulated influences of 
biodiversity on aboveground carbon storage in the 50-ha 
Forest Dynamics Plot on BCI, Panama. The intact commu- 
nity included 126 species; the x axes have a log, scale. 
The left panels show simulation results {open circles) 
and linear fit (solid line) of the effect of log, species 
richness on aboveground carbon storage. The center 
panels show the mean (solid diamonds) and coefficient 
of variation (CV) (open diamonds) of carbon storage. 
The right panels show the mean (solid triangles) and CV 
(open triangles) of carbon storage relative to random 
extinction. (A to C) Random extinction. (D to F) Large- 
statured species lost first. {G to I} Species with low 
wood density lost first. (J to L) Species with high wood 
density lost first. (M to ©) Slow-growing species lost 
first. (F to R) Drought-sensitive species lost first. (5 to 
U) Endemics lost first. (V to X) Widespread species lost 
first. Values are lower than those reported elsewhere 
because we excluded 101 species (21% of aboveground 
carbon) for which we lacked wood-density data. 
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with species nchness. If complementanity, ta- 
cilitation, and sampling cffects do contribute to 
positive effects of diversity on carbon storage 
on BCI, as often has been observed in simpler 
communities (/—3), then actual carbon storage 
in specics-poor communitics may be lower 
than our models predict. Indeed, high diver- 
sity within the BCI plot may reduce losses of 
carbon to density-dependent effects of herbi- 
vores and pathogens (33, 34). 

Species extinctions are rarely random but 
tather are driven by the interaction between 
species traits and environmental change. Our 
results show that tropical forest carbon storage 
depends on specics composition and on the 
mode and mamner in which species are lost. By 
extension, carbon storage in reforested land- 
scapes depends especially on the functional 
diversity of the available species pool. Because 
vanability decreases with species richness, and 
bevanse extinction scenarios differ widely in 
magnitude and direction, management options 
that favor high diversity will maximize pre- 
dictabilty for tropical forest carbon storage 
and sequestration. 

We have examined only one of many eco- 
systen) scrvices provided by tropical forests. 
Extinction scenarios that maximize carbon stor 
age may minimize other services such as flood 
protection, nutnent retention, cultural services, 
pollination, biological contro], and provisioning 
of fruits, nuts, and bush meat (78), [Iuman 


domination of terrestnal and aquatic land- 
scapes has made us inereasingly dependent 
on a reduced number of species to provide 
critical ccosystem services. Given uncertainty 
in both the nature of extinction and the variety 
of ecosystem services required for human well- 
benz, we may best be able to meet these 
demands by maximizing the pool of specics 
on which we depend. 
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The Pseudo-Response Regulator 
Ppd-H7 Provides Adaptation to 
Photoperiod in Barley 


Adrian Turner,” James Beales,* Sébastien Faure, Roy P. Dunford, 
David A, Laurie} 


Plants commonly use photoperiod (day length) to control the timing of flow- 
ering during the year, and variation in photoperiod response has been selected 
in many crops to provide adaptation to different environments and farming 
practices. Positional cloning identified Ppd-H7, the major determinant of bar- 
ley photoperiod response, as a pseudo-response regulator, a class of genes in- 
volved in circadian clock function. Reduced photoperiod responsiveness of 
the ppd-HT mutant, which is highly advantageous in spring-sown varieties, is 
explained by altered circadian expression of the photoperiod pathway gene 
CONSTANS and reduced expression of its downstream target, FT, a key regu- 


lator of flowering. 


Plants have evolved sophisticated controls to 
ensure that flowering occurs when there is 
the greatest chance of pollination, seed de- 
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velopment, and seed dispersal. Usually this 
involves restricting flowering to a specific 
tune of year. To achieve this, many plants use 
photoperiod as an environmental cuc to reg- 
ulate development. The timimg of flowenmg 
has important impacts on crop yield. and the 
modification of responses to environmental 
cues by human selection has been central to 
the success and spread of agniculture, 
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The control of flowering by photoperiod 
is understood best in the lone-day (LD) di- 
cot Arabidopsis and the short-day (SID) mono- 
cot cereal nee. In Arabidopsis, expression 
of GIGANTEA (GI and CONSTANS (CO) is 
regulated by the circadian clock such that 
coincidence of the CO expression peak with 
light only occurs in LD conditions. Light- 
stabilized €) protein is a transcription fac- 
tor inducing downstream venes, including 
FLOWERING LOCUS T (FT) (i, 2). 

In rice, analyses of natural variation 
showed that Heading date! (Hdl), a major 
determinant of photoperiod response, 1s an 
ortholog of CO (3), that H¢3a 1s an ortholog 
of #? (4), and that G/ is also conserved (5). 
Ilowever, the interaction of Hd] with FT is 
altered such that #'? expression is inhibited 
in LDs (2, 5). The nee Fed? gene also con- 
trols photoperiod response but has no direct 
counterpart in Arabidopsis and regulates FT 
independently of #/d? (6). Photoperiod re- 
sponse in nce therefore has conserved and 
novel aspects compared with dArabidopsix, 
but in both species increased #7 expression 
is crucial to the induction of flowering. Cicnes 
controlling photoperiod response in temper- 
ate cereals such as barley (/fordeum vulgare) 
have not been identified previously. 

Barley varictics can be broadly classified as 
winter or spring types. Winter (fall-sown) bar- 
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leys require vernalization and usually show 
strong promotion of flowering in response to 
LDs. This is typical of H. spontaneum, the 
wild progenitor of barley, suggesting that this 
is the ancestral condition. Spring (spring-sown) 
barleys lack vernalization requirement and 
show weak or strong response to LDs de- 
pending on whether they have been selected 
for long or short growing seasons, respectively. 
In long growing seasons, as in Western Europe 
and much of North America, reduced response 
to photoperiod allows spring-sown plants to 
extend the period of vegetative growth and 
accumulate additional biomass that supports 
higher yields. 

The major determinant of LD response in 
barley is the Photoperiod-H/ (Ppd-H1) locus 
(7, 8). The late-flowering ppd-H/ allele is re- 
cessive (Fig. 1A), suggesting that reduced re- 
sponse results from a mutation that impairs 
gene function. Ppd-H/ does not correspond 
to either of the barley CO-like genes (HvCO] 
and HvCO2) (9), showing that different major 
determinants of photoperiod adaptation have 
been selected in barley and rice. 

We identified Ppd-H/ by positional clon- 
ing, using colinearity of the barley Ppd-H1 
region with rice and Brachypodium (10). Fine- 
scale mapping using lines derived from an 
Igri (Ppd-H1) and Triumph (ppd-H/) cross 
(Fig. 1, B and C) enabled a physical map 
of the Ppd-H/ region to be developed (Fig. 
1D). Recombinants defined a region con- 
taining a single gene that was a pseudo- 
response regulator (PRR) most similar overall 
to Arabidopsis PRR7 (fig. $1). PRR proteins 
are characterized by two conserved regions, 
a pseudoreceiver domain with similarities to 
bacterial two-component signaling systems 
and a CO, CO-like, and TOC] (CCT) domain 
that is also found in the CO family (//). 
The barley PRR gene was amplified by poly- 
merase chain reaction (PCR) from [gri and 
two H. spontaneum accessions (JIC-1894 
and JIC-1947) crossed with Igri and shown 
to have the Ppd-7 allele. Morex, which pro- 
vided the bacteria artificial chromosome 
{BAC) sequence, was crossed with Ign and 
shown to have the ppd-f7/ allele. Other pped- 
HF lines sequenced were lrinmph, Golden 
Promise, and Optic. This revealed 23. poly- 
morphisms, of which 7 were single nucleo- 
tide polymorphisms (SNPs) that produced 
amino acid changes distinguishing Ppd-it? 
and ppd-H/ alleles (1, 12, 13, 20, 21, 22, and 
23 in Fig. 114). Regions containing these 
SNPs were sequenced from a further eight 
tt sponianeum accessions known to be carly 
flowenng in LDs and mme barley vaneties 
previously classified as carly or late flow- 
enng in LDs (table $3). In the extended set, 
four SNPs (1, 15, 22, and 23) remained con- 
pletely associated with Ppd-Hi or ppd-Hl 
alleles (Fig. 2). Three were in regions of low 
conservation with rice and Arabidopsis (fiz. 
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Fig. 1. Flowering phenotypes, genetic and physical mapping of the Pad-H? locus, and sequence 
variation between alleles. (A) Phenotypes of homozygous Ppd-H7 {left}, heterozygous Ppd-H1/ 
ppd-H7 (middle), and homozygous ppd-H? (right) plants. (B) Flowering time {days to awn emer- 
gence) of BC, (backcross 3) recombinant plants. (C) Flowering time of selected families with their 
respective homozygous recombinant chromosomes (right) where black segments have Igri alleles 
and white segments have Triumph alleles. (D) Genetic and physical maps of the Ppd-H? region in 
barley and colinear regions in rice and Brachypodiurm. The barley genetic map has its basis in 2336 
Igri x Triumph BC, plants and shows the numbers of recombinants in the intervals flanking the 
Ppd-H7 locus. Key tarley BAC clones are drawn to the same scale as the rice genomic sequence. 
Cireles are BAC end sequences. BAC 2 was completely sequenced (AY943294). Rice chromosome 7 
genomic sequence {APO05199) has annotated genes {listed in table $1) as black rectangles. The 
Brachypodium BAC shows gene content, with the solid line indicating genes with confirmed order 
and orientation. {E) Structure of Ppd-H? (the eight exons are shown as black rectangles) and 
positions of the 23 polymorphisms identified in fully sequenced Ppd-H? and ppd-H7 alleles. 1 and 
3 to 23 were SNPs, whereas 2 was a 5-base pair (bp) insertion/deletion polymorphism (indel). 
Polymorphisms in exons are indicated by solid lines. 


$1), but the fourth produced a Gly-te-Trp 
change in the Cl domain affecting a resi- 


effect in SDs (/2, 43), similar to the effect of 
ppd-Hf (7, &). per? mutants also lengthen the 
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due that is conserved in all CCT domain 
genes identified to date (fig. $2) and that is 
the most likely causal basis of the ppd-Hi 
nutation. The CCl domain niutation was a 
G-to-T change, which removed a &sfUI re- 
striction site, providing a simple PCR-based 
assay for the ppd-H7? allele (fig. $3). 
Arabidopsis pre? nvutants showed delayed 
flowenng in LDs but showed no significant 


penad of clock-mediated leaf movement (4) 
and affect the expression of clock componcnts 
CCA and LAY, implcatmg the zene in the 
phasing of the clock in relation to light (75, 76). 
These results sugested that ppd-H/ might af- 
feet flowering by altering the expression of 
photoperiod pathway genes that have circa- 
dian control. ‘lo test this, we compared gene 
expression in Tnumph (ppd-#/) with a Tri- 
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Fig. 2. Genotypes of seven barley 
varieties and 10 H. spontaneum 
accessions carrying the Ppd-H7 
allele and seven barley varieties 
carrying the ppd-H? allele at the 
seven SNPs that produce amino 
acid changes in the predicted 
protein. Polymorphism positions 
are shown in Fig, 1B. HsJIC-164 
has a 9-bp deletion spanning 
SNP20. Amino acids that distin- 
guish the alleles are shown above 
and below in bold: A, Ala; G, Gly; 
H, His; P, Pro; Q, Gln: 5, Ser T, 
Thr; and W, Trp. 
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umph line into which the Prd-ff/ allele from 
Teri had been introgressed. 

In LDs Ppd-ff/ was expressed predomi- 
nantly in the early part of the day (Fig. 3.4), 
similar to the expression patterns of Arahi- 
dopsis PRR? and related venes in nee. An 
entrainment experiment confirmed that the 
barley gene was under circadian control, as 
previously shown for Arabidopyis and rice 
PRR genes (27, 18). Although PRR genes are 
implicated in clock function we detected no 
significant difference between Ppd-Hi and 
ppd-it? plants in the expression of Pped-it7 
itself or the barley homolog of Gi (AvGH 
{Fig. 3B). Tlowever, two barley CO-like genes 
(HvCOl and HvCO2) were affected. ppd-Hi 
plants showed reduced expression of AyCOl 
at 8 and 12 hours (Fig. 3€), and ffvCO2 
was More significantly affected with reduced 
expression throughout the light period and a 
delay in the expression peak of about 4 hours 
(Fig. 3D). By analogy with Arabidopyiy, the 
reduced expression of AyCOl and HvCO2 
during the latter part of the light period in 
ppd-H? plants should reduce FT expression. 
We first tested whether harley C’O genes be- 
haved like CO in Arabidopsis by analyzing 
their expression under SDs [8 hours of light 
{fig. 84)]. HyCQ2 expression was lower at 
the start of the day but peaked at a similar 
time in SD and LD, whereas AvCO/ peaked 
at 20 hours in SDs. Uhe later peak of //rCoT 
expression in SDs and the higher expression 
of both genes at dawn in LIDs were similar 
to CO in Arabidopsis (19). We then isolated 
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HAQANQDQAQDQQAQQ0Q0Q0QQ0QNQ0Q0NQAAARVRIAAAAT SNP1 
MARA A TAANNANAMNAANAANAANAANAAAA AO DB SNP 15 
SAA AAAAADDAAAHADHADAHAADHAA®YAAD @ SNP 22 
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a harley #° (¢f1#'?)) gene that is orthologous 
to rice Hd3a (70). Expression of HvFT was 
consistently very low in SDs (figs. 54 and 
$3) and was markedly lower in ppd-H/ in 
LDs (Fig. 3). The late-flowering pheno- 
type of ppd-Hi can therefore be explained 
through known photoperiod mechanisms by 
a reduction in Ff expression resulting from 
altered circadian timing of CO cxpression. 
The lack of effect on AVG! expression sug- 
gests that the ppd-ft? nmtation docs not have 
a strong disruptive effect on clock function 
or that the barley mutation affects an ont- 
put linking the circadian clock to the AvCO 
genes. [lowever, additional effects such as 
a direct role in AvyFT expression cannot be 
ruled out. 

Previous work (/4) surveying 150) Arads- 
dopsis accessions identified PRR zenes as can- 
didates for quantitative trait loci that provide 
adaptive vanation by modulating circadian 
timing. Clock period length was correlated 
with latitude of ongin, suggesting that these 
genes provide adaptive variation in photo- 
penad response. The identification of Ppd-Hi 
as a PRK gene shows that the PRK family is 
of general importance for adaptation to natu- 
ral and agricultural settings. Notably, con- 
parative mapping shows that the major wheat 
photoperiod response genes are in colinear re- 
gions on the group 2 chromosomes (20) and 
that #/d2 is in the colincar region of rice chro- 
mosome 7 (2/), making these attractive targets 
for further analysis. ‘he availability of Ppd-tt? 
will provide greater understanding of the ways 


light dark 
] HvPpd-H1 
204 a ti 
sal | Y” Ppt 4 ie: 
| er B 
2.0 
? 1.04 , “5 
a #5 
Ei¢ 
3 ; 4 
S 1 HvCO1 c 
2 204 
= 1 ATS 
3 104 4 
a | Ca 
g 
3 °°] HvCo2 D 
= 
3 4 
~ Be. 
5 a “J 
Henny” 
HvFT E 
20 
1.0 


0 4 8 12 #16 20 24h 
Fig. 3. Gene expression patterns in Ppd-H7 (m, 
solid line) and ppd-H? (9, dashed line) plants 
grown in LD (16 hours of light) conditions and 
sampled at 4-hour intervals over a 24-hour 
period: (A) HvPpd-H7, (B) HvGi, (C) HvCO7, (D) 
HvCO2, and (E) HvFT. Means and standard de- 
viations from three independent experiments 
are shown expressed in arbitrary units normal- 
ized against the amount of 18S rRNA (70). 
Primers and primer positions are given in table 
$4. Error bars indicate SEM. 


in which cereal development is regulated by 
environmental cues, allowing plant breeders 
to tailor crops to specific environments and 
to adjust varieties to new conditions ansing 
from climate change. 
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Protein Staining 

Glyco-Stain allows for the staining of glyco-protein bands that 
may not be visible if stained with ordinary Coomassie dye or silver 
staining procedures. Through the use of a modified silver enhance- 
ment technique, it offers nanogram levels of sensitivity, with 
greater than twofold increase in glycoprotein and proteoglycan 
detection. Glyco-Stain detects both glycosylated and non-glyco- 
sylated proteins. 

G-Biosciences/Genotech For information 314-911-6034 www.GBiosciences.com 


Automated Sample Processing 

With a footprint of just 2m by 1.2 m, the BioCel 1200 is a compact 
system capable of automating a wide range of applications, from 
compound plate replication and high-throughput screening 
assays in drug discovery research to nucleic acid sample prepara- 
tion in genomics laboratories. The design of the BioCel 1200 fea- 
tures the reliable high-speed central robot found in the popular 
BioCel 1600, with the new capability of robotic reach outside the 
system frame. This feature, combined with the use of space-saving 
sliding doors, permits the flexibility to easily integrate large read- 
ers, compound stores, and other devices into the system. The new 
design also enables future expansion by combining multiple units 
with plug-and-play simplicity. 

Velocity-11 For information 650-846-6600 www.velocity11.com 


Reprobing Buffer 

The ReProbe Western Blotting Stripping and Reprobing Buffer Solu- 
tion saves time and antibodies by stripping and reprobing protein 
immunoblots. The buffer is a premade solution for removing anti- 
bodies and substrates following protein immunoblotting and can 
be used with poly(vinylidine fluoride} or nitrocellulose. It allows 
efficient use of limited samples because images can be compared 
with different antibodies in the same blot. 

Amresco, For information 800-448-4442 

waw.amresco-inc.com 


RNA Transcription 

The DuraScribe T7 and SP6 Tran- 
scription Kits produce RNA tran- 
scripts that are completely resis- 
tant to ribonuclease A. The 
DuraScribe T7 and SP6 RNA 
polymerases in the kits are 
mutant forms that recognize the 
same transcription promoters as 
standard T7 and SP6 RNA poly- 
merases. DuraScript RNA is suit- 
able for RNA aptamer studies. 
Epicentre Biotechnologies. 

For information 800-284-8474 

www. EpiBio.com 


X-Ray Crystallography System 

The Smart Breeze x-ray crystallography system features the air- 
cooled Smart Breeze 4K charge-coupled device (CCD) detector, a 
compact goniometer, and an x-ray generator. The system features 
new AutoSource software for fully automatic three-dimensional 
structure determination of organic and coordination molecules 
from x-ray data. The system's advanced CCD technology allows it to 
be air-cooled for low maintenance while offering data quality supe- 


For more information visit Getinfo, 
Science's new online product index at 
http://science.tabvelocity.com 


From the pages of Getlnfo, you can: 
* Quickly find and request free information 


on products and services found in the pages 
of Science. 
+ Ask vendors to contact you with more 
information. 
+ Link directly to vendors’ Web sites. 


NEW PRODUCTS 
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rior to that of most conventional water-cooled detectors. This novel 
system, with its intuitive and automate software for structure 
determination, is suitable for synthetic chemistry research groups. 
Bruker AXS. For information 608-276-3000 www.bruker-axs.cam 


SPR System 

The Autolab Esprit surface 
plasmon resonance (SPR) 
system offers the unique 
option of simultaneous 
electrochemical and SPR 
measurements. Designed 
with dual channels—one 
for samples and one for 
reference—the Esprit is a 
powerful tool for life sci- 
ences, biotechnology, and 
pharmaceutical research laboratories. The integrated autosampler 
allows samples to be handled manually and with automated meth- 
ods, either preprogrammed or customized. Additional electrochem- 
ical techniques include cyclic voltammetry and impedance spec- 
troscopy when used with an Autolab electrochemical system. 
Brinkmann For information 800-645-3050 wawwebrinkmann.com 


Spectrophotometers 

The DU Series 700 ultraviolet/visible scanning spectrophotemeters 
offer many new capabilities for life sciences and general research 
applications. The systems feature focused-beam technology and a 
small bandwidth, which ensure new levels of accuracy and repro- 
ducibility, even with minor variances in cell positioning. For very small 
volumes in applications such as nucleic acid research, the DU 700 
series can accommodate Beckman Coulter’s 50-11 Microcells. The DU 
720 model is suitable for general purpose applications and features 
fixed wavelength, wavelength scan, time, and kinetics measurements, 
and single-component analysis. The DU 730 model for life science 
applications adds advanced tools for protein 
and nucleic acid analysis, including determi- 
nation of dye incorporation percentage for 
microarrays and a new set of DNA/protein 
calculation and conversion tools. With a 
touch-screen interface, the DU 700 instru- 
ments are easier to use than systems with 
keyboard controls. USB ports enable direct 
connections to printers and memory devices. 
Beckman Coulter For information 800-742-2345 
www.beckmancoulter.com 


Literature 

Microarrays is a brochure that describes the 
microarray process and answers many 
questions, including how to control for technical variability and 
how to standardize and validate data. 

Stratagene For information 800-894-1304. www.stratagene.com 


Newly offered instrumentation, apparatus, and laboratory materials of interest to 
researchers in all disciplines in academic, industrial, and government organizations are 
featured in this space, Emphasis is given to purpose, chief characteristics, and availabil- 
ity of products and materials. Endorsement by Science or AAAS of any products or mate- 
rials mentioned is not implied. Additional information may be obtained from the manu- 
facturer or supplier by visiting www.science.labvelocity.com on the Web, where you can 
request that the information be sent to you by e-mail, fax, mail, or telephone. 
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POSITIONS OPEN 
a 


ROSALIND FRANKLIN UNIVERSITY 
OF MEDICINE AND SCIENCE 


Assistant/Associate Professor, Membrane Pro- 
tein Structural Biology. As part of a University- 
wide initiative, the Department of Biochemistry and 
Molecular Biology (BMB) is undergoing significant 
expansion and invites applications for a tenure-track 
Assistant or Associate Professor in the area of mem- 
brane protein structural biology. We seck candidates 
employing cutting-edge biophysical techniques that 
will provide fundamental insight into the structure- 
based mechanisms of membrane proteins. Although 
preference will be given to candidates using X-ray 
crystallography, electron paramagnetic resonance, or 
cryo-electron crystallography, outstanding candi- 
dates employing other biophysical approaches are 
also encouraged to apply. RMB is a well-funded ac- 
tive department that enjoys strong University com 
mitment to development of membrane protein 
structural biology. Tn addition to faculty recruitment 
in this area, the University commitment inches 
recent development of the Rosalind Franklin Struc 
tural Biology Taboratories (consisting of state-of- 
the art facilities for Xray diffraction and mass 
spectrometry /proteamics } and a Biophysical Tnstru- 
mentation Facility, as well as access to the nearby 
APS via participation im the Southeast Regional © “cal 
Jaborative Access Team beamline consortium. Can- 
didates at the Assistant Professor level mst have 
outstanding research potential and a cormminnent to 
excellence in teaching, whereas applicants at the As 
saciate Professor level must demonstrate cutstand 
ing restarch accomplishment including national 
recognition and extramural finding, as well as a 
track record in graduate training. ‘Lhe successful 
candidate will receive a highly competitive salary, an 
attractive startup package and space, and is expected 
to develop or maimtain an externally funded research 
program, as well as teach at the medical and grad- 
nate schoal levels. Further information about the 
Deparnnent can be viewed at website: http: // 
www.rosalindfranklin.edu/cms/biochem. Inter 
ested applicants sheald submit their awriculum vi 
tae, a phyo-page summibary of Tese¢arch interests, copies 
of representative publications, and the names of at 
least three references to: Dr. Ronakl §. Kaplan, 
Chair, Department of Biochemistry and Molec- 
ular Biology, Rosalind Franklin University of 
Medicine and Science, 3333 Green Bay Road, 
North Chicago, IL 60064, cr as an attached docu 
ment ta: e mail: ronald .kaplan@rosalindfrantdin, 
edu. Review of applications wall begin immediately 
and will continue mntil the position is filled. Kesalind 
Franklin 1 ity of Medicine and Saenee is an Fgaal Op- 
Action Emyiv yer. 


MEDICAL/MOLECULAR MICROBIOL 
OGIST: ‘lenure tack Assistant Professor pesition 
available August 2006. Ph.1). in medical /molecular 
microbiclagy ar related discipline; research interests 
related to biological terrorism or closely related area 
highly desirable. Successful applicant must be able to 
teach microbial genetics and diagnestic bactericlagr. 

Candidate is expected to establish an active, externally 
Se research program invalving graduate and/or 
undergraduate students. Successfidl applicant must 
demonstrate effective communication and teaching 
by presenting a research seminar and giving a teach 
ing demonstration during an on campus interview. 
Mail one copy of all university transcripts, state- 
micnts af teaching and research philasaphies, curric 
ulum vitae, and three letters of recommendation to: 
Dr. Judith Greenamyer, Department of Biology, 
West Chester University, West Chester PA 19335 
ino ¢-mail applications]. Review of candidates begins 
on 15 December 2005, and continues until pesition 
is filled. For more details call: telephone: 610-4326- 
1023 or e-mail: jgrecnamyce@weupa.cdo. 
Astion Lgwal Opporinniy Lonployer, Wourest asi 
rie strongly encouraged to apply. 
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POSITIONS OPEN 


University in St Louis 
SCHOOL OF MEDICINE 
FACULTY POSITION 


Department of Cell Biology and Physiology 
Molecular Oncology Program 


The Department of Cell Biology and Physiology 
at Washington University School of Medicine invites 
applications for a tenure-track appointment at the 
rank of ASSISTANT PROFESSOR. Outstanding 
individuals investigating fundamental problems in 
molecular oncology are encouraged to apply. Can- 
didates must demonstrate the ability to develop an 
independent research program and a commitment to 
excellence in graduate education. 

Applicants must have a Ph.D. and/or M.D. and 
postdoctoral experience. Please send curriculum 
vitac, a stmmary of current and proposed research 
programs, and arrange for three letters of recom- 
mendation to be sent to: 

Dr, Helen Piwnica Worms, Chair 
Cell Biology and Physiology Search Comuniittee 
Washington University School of Medicine 
660 South Euclid Avenue Campus Box $228 
St. Louis, MO 63110 

E-mail: faculyysearch@cell biology.wust) cao 

Applications sheuld be received by March L, 2006, 
THiehington Tiuiverity is ifted fo irucrensiiug ti met tatints 
of wamest aaiit uremb iy aaasit 


ations form such candidates. 


ASSISTANT PROFESSOR 
Kansas State University 
Cancer Biology 

The Division of Tiology of Kansas State University 
(KSU) invites applicaticins f for atenure track Assistant 
Professor position. We are searching for an individisal 
performing basic research in cancer cell or molecular 
biology using a model system. She/he will join a 
strong group of diverse colleagues doing research in 
cellular, molecular and developmental biclagy, many 
using a ‘model systems approach. She “he will also be 
an affiliate of the Johnson Center for Basic Cancer 
Research. Lhe suecessfidl applicant will establish a 
vigorous, estramurally funded independent research 
program, and participate in undergraduate and grad 
nate instruction. 

A PRHD., M-D., or equivalent and postdoctoral 
training are required. Competitive salary and startup 
funds will be provided. Biclagy encourages diversity. 
Further information is available at website: http: // 
www.edu/bialogy/cancerbiologist. Applicants 
should submit a letter of interest, curriculum vitae, 
description of future research plans, and have three 
letters of reference sent te: Dr. Rob Denell, Cancer 
Biologist Search Committee Chair, Division of 
Biology, 232 Ackert Hall, Kansas State Univer 
sity, Manhattan, KS 66506 4901. Review af ap 
plications wall begin December 9, 2005, and continue 
until the pesition is filled. 
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RESEARCH ASSISTANT PROFESSOR: 
Non-tenure-track position available December 1, 
2005, to study the role of actin based molecular 
motors in transcripion., Requirements: MLT., Ph. 
or equivalent degree in cell biology, molecular 
biology, biochemistry ar related discipline, and a 
minimum three years postdoctoral experience. Must 
have experience with transcription assays and myosin 
biochemistry. Salary commensurate with experience. 
For fullest Consideration send curriculum vitae and 
names of three references by November 28, 2005, 
to: Business Manager, University of Minois, Chi- 
cago (UIC) Department of Physiology, 83: 
Wolcott, M/C 901, Chicago, IL 60612. (uc 
Aftimmative Avtion/ Fuel Opportunity Reply per. 
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Research moves ahead through innovation, which can be triggered by diverse 

perspectives. Consequently, academic, industrial, and government institutions work http://www.abbott.com/ 
to attract people from a range of cultural, disciplinary, ethnic, and gender back- 
grounds as well as scientists with disabilities. The experts interviewed here assess 
the state of diversity in science and discuss ways to improve it. http://www.aaas.org 


Science thrives on diversity. Systems biology, for example, arose from a collection of disciplines once 


thought disparate. Such diverse interactions also arise in other fields. According to Gibor Basti, pro- http:/Avww.intergenetics.corm/ 
fessor of astronomy at the University of California, Berkeley, “The diversity of people who work on 
problems is tremendous in the sense that there's a very international component to it, especially in http://www.kgi.edu/ 


astronomy.” He adds, however, “The faculty in the U.S. in very nondiverse, mostly older, white males. 
It's a real issue of concern for us.” 

In 2005, Donna J. Nelson and Diana C. Rogers, both of the University of Oklahoma, reported that 
faculties include fewer women even in areas of study where women earn more Ph.D.'s than men. For 
example, Nelson and Rogers found that women make up only 3 percent to 15 percent of the faculty 
at top institutions. That means that undergraduates might never have a female professor. Moreover, 
broad advances in science depend on participation from all backgrounds. http://www. berkeley.edu/ 


http://www.nemce.org/horne/ 
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Opportunitiésina suburban Philadelphia, PA 


Cutting edge science driving 
the discovery of new medicine. 


world’s leading pharmaceutical organization — 

is a continual search for innovation. Beyond a 
research and development capability that sects the 
benchmark for our industry, we're committed to 
recruiting and retaining the best and brightest— 
by providing exceptional individual and carcer 
development opportunities. This is an exciting time to 
be pursuing a scientific career with GSK, most notably 
because our therapeutically aligned CLDDs (Centers of 
Excellence for Drug Discovery) allow scientists the 
freedom to determine the course of their research. 
Here you'll find dedicated teams of scientists, 
including a drug metabolism and pharmacokinetics 
group, biologists, chemists, x-ray crystallographers and 
computer modelers, all working towards one shared 
purpose. Our mission is clear—to prevent, treat and 
cure diseases, allowing people around the world to do 
more, feel better and live longer. 


D Tiving the success of GlaxoSmithKline — the 


Our goal is to discover and develop novel disease 
modifying therapics, as well as effective pain 
medication, for osteoarthritis and we have key 
openings within those ambitious initiatives. We 
currently have the following opportunitics available 
in our state-of-the-art facility, located in Collegeville, 
PA, just a short distance from Philadelphia. 


Manager/Associate Director, 


Osteoarthritis Research 

In this role, you will provide leadership and 
direction for a musculoskeletal-oriented drug 
discovery team, including biologists and scientists 
within a matrix environment. You will also be 
responsible for applying basic biology to the drug 
discovery process, including innovation in animal 
model and assay development. 


To qualify, the candidate must have a Ph.D. with 
postdoctoral experience in cell biology, molecular 
biology or pharmacology. At Least 5 years’ industry 
experience in drug discovery preferred. Requires the 
ability to provide leadership within a multidiscipli- 
iaryteam; and mastery of the application of 
scientific insight to establish priorities, define 
strategy, and implement plans to resource multiple 
programs appropriately. A thorough understanding 
of the pathophysiology of osteoarthritis and/or 
osteoporosis is strongly desired, as is hands-on 
experience with preclinical models of osteoarthritis, 
or in-vitro models of chondrocyte biology. 

(Req. LD 27699) 


Associate Scientist, 
Osteoarthritis Research 


In this role, you will support cxisting drug discovery 
programs and new target identification for 
osteoarthritis, chiefly by developing innovative assays 
and performing compound sercening. This includes 
the planning and execution of cartilage/chondrocyte 
biology experiments, as well as effective storage, 
interpretation and presentation of data/results. 


To qualify, one must possess a BS/MS in cell biology, 
molecular biology (or related discipline) along with 
1-5 years of expericnee in cell/tissuc based assays and 
compound screening. Experience with mammalian 
ecll culture is essential, while the use of in-vitro/cx- 
vivo models of cartilage/chondrocyte is highly 
preferred. Successful candidates should possess 
superior communication and data analysis software 
skills. Muency with state-of-the-art molecular 
technology, such as RNAi, overexpression, and viral 
transductiorispreferred. Specific knowledge of 
osteoarthritis and cartilage/chondrocyte biology 

is desired, as is a background in drug discovery. 
{Req. LD 28123) 


GlaxoSmithKline is dedicated to supparting you with 
careerfong opportunities and leaming. V2 offer a 
competitive benefits and compensation package dssigned 
to attract and retain the very bést. For confidential 
consideration and efficient processing of 

your resume, please visit our website at 
www.gsk.com/careers referencing Reg. ID of the 
position of interest. indicating Reg. iD is essential 

to search. Principals arly no agencies, please. 


GSK fs proud £0 pramote an apen culture, encouraging peoole 
to be themselves and giving their ideas a chance to frourish. 
GSK i.a) equal opportunity employer. 
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Outstanding Training 
for Careers in Science 


Interdisciplinary collaboration is the cornerstone of life sciences 
research at the University of Missouri-Columbia (MU). Our 
research credentials are stellar: MU is a member of the highly 


44The collaborative spirit of the 
science community at MU and 
the interdisciplinary approach 
to scientific investigation 
provided me an excellent 
training environment with great 
research opportunities... 

| felt ready and well-prepared 
for the new challenges I've 
encountered in my postdoctoral 
endeavors because of my 
experiences at MU.” 


ScienceCareers.org 


wlective Association of American Universitics, is classified as 

Doctoral'Resvarch Intensive by the Carnegic Foundation — and 

MU faculcy are recognized internationally for research leadership 
in human and animal health, food, agriculture 


Latisha Love-Gregory, PhD 

D. -ove-G-ege’y qaduated “cm MU web a 290 19 
oajatins are is row a clirinal “allow ir caanistry 
and molecular diagnostics at Washington University 
in St. Louis, Mo 
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and environmental issues. 


Research facilities at MU are 
outstanding and include the 
new 200,000 square foot Life 
Sciences Center, which serves as 
a hub for state of the art science 
research and education for the 
campus community. Centralized 
support services are available for high 
throughput genomics and proteomics 
analyses, automated DNA scquencing and DNA 
microarrays, multiforon confocal microscopy, scanning and 
transmission electron microscopy, small animal imaging with 
MRI and CT, monoclonal antibody production and cell sorting. 
transgenic and knockour mice and rars, cranspenic plants, X-ray 
crystallography and NMR spectroscopy. ‘The campus is also home 
to the nation’s largest university research teactot. 


Commitment to Student Success 
Recent PhD graduate Latisha Lowe-Gregory says it best: “The 
collaborative spitit of the science community at MU and the 
incerdisciplinary approach to scientific investigation provided 
me an excellent training environment with great research 
opportunities. My faculty mentors creaced me sith respect 
and their commirment co my success was obvious. he faculty 
also maintained an open-doot policy allowing for impromptu 
discussions. A “survival course” was presented for new graduate 
students that emphasized putting together and presenting 
effective scientific presentations and manuscripts, [ felt ready 
and well-prepared for the new challenges I've encountered in my 
postdoctoral endeavors because of my expericnces at MU" 


A Great Place to Live ... 

MU is located in the cicy of Columbia — a vibrant, well-educated 
community of divers: cultures. Columbia is conveniently located 
in the center of the 1-70 corridor throuzh Missouri — just 2 hours 
from Kansas Cicy or St. Louis — and is consistently ranked as 
one of the nation’s most livable cities. Missouri is a beautiful state, 
with recteational opportunities including the sophistication of big 
cities, the charm of smal] tovens, and outdoor favorites — hiking 
and biking trails, lush forests and the clear waters of the Ozark 
National Scenic Riverways. 
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Doctoral and Postdoctoral Fellowships 


and Degree Programs 


Doctoral degrees are offered in over 40 life sciences departments and programs at MU. 
A variety of fellowships are available which include a competitive stipend, tuition waiver 
and health insurance. Graduate students in life science departments may also be eligible 
to participate in interdisciplinary NIH training grants. Postdoctoral fellowships are 
available in many departments and programs as well. 


A sampling of life sciences programs can be found below. A complete listing of academic 
programs and campus informarion can be found at http:/Awww.missouri.edu. 


Biochemistry 
http yw. biochem .missouri.cdu 
Phone toll free: (800) 647-2414 


Biological Sciences 
http://www. biol ogy.missouri.edu 
Phone toll free: (800) 553-5698 


Biomedical and Health Informatics 
Research Training Fellowships 
http://www. hmi.missauri.edu 

Phone: (200) 877-4764 

Comparative Medicine Program 
http:Avww.radil. missouri.cdusinfo/emp 
Phone: {573) 882-6623 


Conservation Biology 
http://www. cansery.missouri.edu 
Phone toll free: (800) 553-5698 
Genetics Area Program 

http; www. biotech.missouri.edu/genetics 
Phone toll free: 1877} Gene-PhD {436-3743} 
Interdisciplinary Neuroscience 
Program 

http://www. neurasci.missouri.edu 
Phone toll free: (800} 553-5698 
Interdisciplinary Plant Group 
http. plantgroup.org 

Phone: {573] 882-4847 

Life Sciences Fellowships 
http;/lifesciences.missouri.edu 

Phone toll free: {877} 436-3743 
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Medical Pharmacology & 
Physiology 
http:/Awww.missauri.edu/+maldz2/pharm/ 
index.htm ¢ Phone: {573) 882-4957 
Mentored Biomedical 
Researchers Training Initiative 
http:/Aveh.missouri.edu/-gradschl/ 
financial/mbrti/mbrti.htm 

Phone: (573) 884-2082 

Molecular Microbiology & 
Immunology 
htta:/www.missauri.edu/+mmivewvy 
Phone: (573) 882-8152 

Pathology & Anatomical 
Sciences 

Web: hitp://yvvyvwv. muhealth.arg!~pathalagy 
Phone: (573) 882-1201 

Plant, Insect & Microbial Sciences 
http./Avww,plantsci.missouri.cdu 

Phone: (573) 882-3001 
Radiopharmaceutical Sciences 
Institute 
htta:/Avwvyv.muhealth.org/-rsi 

Phone: (573) 882-2557 

Veterinary Pathobiology 
http:/Avww.evin.missouri. cdu‘vphio 


Phone: (573) 882-5034 
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Broadening the Breadth of Science 


In some cases, diversity appears to be improving. 
Greg Dewey—vice president for academic affairs, 
dean of faculty, and Finnigan Professor at the Keck 
Graduate Institute—says, “| would say that the most 
improvement over the last 10 years is in gender 
diversity. In the biological sciences, we are seeing 
much stronger participation by women, and that's 
creeping into chemistry. Math, physics, and engi- 
neering are not as diverse as you would want them to be. But we are 
seeing more women in biomedical engineering.” He adds, though, “At 
the Ph.D. level, you are getting more gender diversity, but you're still 
hot seeing a lot of women in higher rank academic positions.” 

Dewey also says, “Racial diversity ts still a problem.” He points out 
that academic science depends on a multicultural society. “Yet, you still 
have a problem with racial diversity in America, and that will be an 
ongoing problem because the pipeline of candidates is far from full." 

For most young people, career aspirations often depend on role mod- 
els. Scientists need that, too. ‘The main issue is getting people to become 
faculty members,” says Basri, “and they might not enter the field if they 
don't see a lot of role models.” He adds, “Young faculty members look to 
see if an institution looks like a congenial place to work, and they need 
to see someone they readily identify with there.” Dewey agrees, saying, 
“Young faculty members need role models and mentors. If you don't have 
those role models in senior roles, that is a real problem.” 


i 


GIBGR BASRI 


Increasing Variety 

In some medical fields, however, more diversity appears. Harry Selker, 
executive director of the Institute for Clinical Research and Health 
Policy Studies at Tufts-New England Medical Center, runs a cross-disci- 
plinary, clinical research program. He says, “In clinical research, there 
are more members of the minorities and women in general internal 
medical research and health services than in subspecialty-oriented and 
bench-oriented research.” He adds, ‘Traditionally, health services 
research has attracted people with social concerns that they wanted to 
see addressed, which may also explain the greater diversity.” 

Selker works in an extremely varied intellectual environment. His 
institute includes economists, political scientists, and sociologists as 
well as traditional clinical investigators, statisticians, and informatics 
experts. He says, “We feel strongly that there is a crucial advantage to 
an institute and a particular lab when it has a diversity of disciplines, 
from social to biological sciences.” Still, that disciplinary diversity fails 
to meet all of Selker’s criteria for a balanced environment. He also looks 
for what he calls personal diversity. “Different kinds of people—intro- 
verts and extroverts, detail-oriented and big-picture people, for exam- 


Post your resume online at 


www.sciencecareers.org. It’s confidential. 
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ples—have different strengths," Selker says. “This 
turns out to be important because it provides a 
span of perspectives and thinking styles. We've ben- 
efited from that." 

Other scientists also believe that diversity extends 
beyond who scientists are to what they do. Craig 
Shimasaki, president and chief executive officer at 
InterGenetics, says, “A fully integrated diversity of dis- 
ciplines is absolutely critical to science, but it is not yet fully embraced.” 
He goes on to say, “People tend to fall back on what they are familiar 
with rather than expanding or broadening an approach to a problem. 
Instead, they just go deeper into what they've already done before.” 

Some studies—including the research on the predisposition to breast 
cancer being done at InterGenetics—demand an integrated team of sci- 
entists with a wide variety of skills. Shimasaki says, “We bring together 
geneticists, statisticians, and mathematicians with our molecular biolo- 
gists.” This is necessary, since approximately 90 percent of the women 
who contract breast cancer do not have a strong family history of the 
disease. “To tackle this disease,” Shimasaki says, “you need to know the 
risk carriers.” Right now, Shimasaki and his colleagues believe that this 
requires a cross-functional combination of biological and informatic sci- 
ences—a diversity of disciplines. 

Instead of just being a numbers game, though, diversity can be an 
industrial culture. Jill Mueller, group vice president of human resources 
for the global pharmaceutical products group at Abbott, says, “We 
greatly value diversity of all kinds, including race, gender, and disabili- 
ties. It is absolutely key to our business and has been for as long as | 
can remember.” She adds, “Just the other day, we were laughing that 
our campus looks like the United Nations because of the diversity of 
our people.“ 
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GREG DEWEY 


Enabling Disabilities 

“A great many people who talk about diversity do not think it includes 
disabilities,” says Virginia Stern, director of the AAAS Project on 
Science, Technology, & Disability and director of ENTRY POINT! The 
AAAS Project on Science, Technology, & Disability will celebrate its 
3oth anniversary at the association's annual meeting in February 
2006. Stern says, “All these years, we've worked to bring role models to 
the forefront, but there is a shortage of role models with disabilities.” 
To help create more role models in the future, Stern and her colleaques 
provide technical assistance to students, employers, families, and coun- 
selors. This project also publishes the Resource Directory of Scientists 
and Engineers with Disabilities, and the fourth addition is due out 
soon. Stern says, “This is the best and only source of role models.” 

In addition, ENTRY POINT! seeks out talented students with dis- 
abilities and arranges paid internships. “We have come to believe that 
these internships are critical in the pipeline for the companies,” says 
Stern, “because they have a chance to know students with disabilities, 
working with them aver the summer. Itis reallyan CONTINUED » 
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Scios INC., headquartered in Fremont, California, a member of the Johnson & Johnson family of companies, is changing the way 
heart failure is treated. We are developing new and exciting therapeutics for cardiovascular disease, inflammotory disease and 
cancer. Our winning combination of Integrated research, clinical experlence, and passionate commitment to patlents with unmet 
medical needs Is making a difference In the management of disease. Innovation, collaboration and education are the cornerstones 
of Sclos' culture. 

We provide mentoring and career development opportunities throughout our organization. Our ability to grow as a company depends 
on finding and nurturing Individuals with entrepreneurial spint and passion to change the way patients are treated. 


To support our continued growth, we seek candidates in the following areas: 


CLINICAL RESEARCH MEDICAL AFFAIRS 
« Clinical Data Coder ¢ Associate Director 
« Clinical Research Associates « Directors 
« Directors * Managers 
« Lead - Clinical Data Mangement ¢ Medical Education 


« Manager, Supervisor - Clinical Supplies * Medical Writer 
* Manager, Medical Education 


¢ Senior Blostatisticlan, Lead, 
Associate Director - Blostatistics 


REGULATORY AFFAIRS 
* Associates 
« Directors 


« Managers 
* Sclontist 


RESEARCH 
* Associate Director, Bioanalytics 
* Post Doc - Cell Biology 
* Managers - Bioanalytics 


* Medical Writers * Managers 


« Research Associates, Formulations, HTS, 
Analytical Chemistry 

« Sclentists - Genomics, Infonnatics Toxicology, 
Analytical Chemistry, Phannacokinetics 


QUALITY CONTROL/ 
QUALITY ASSURANCE 


* Analysts 
* $pecialist 


For more Information about us, to view a complete Job description, 
and to apply online, please visit us ct: 


www.sciosinc.com 


Equal Opportunity Employer 
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Broadening the Breadth of Science 


entry point into the professions.” This program 
receives private support from IBM and Merck, plus 
public support from NASA and the National 
Oceanic & Atmospheric Administration. 

Today, the impact of decades of advocacy for 
people with disabilities can be seen in many insti- 
tutions. At Tufts-New England Medical Center, 
Selker says, "One member of our research group was 
hit by a falling tree and became paralyzed and wheel chair bound.” To 
help this scientist, Selker and his colleagues secured a grant supple- 
ment to her NIH grant and created a new entrance ramp to the build- 
ing and changed doorways on her floor—all to make the facility more 
accessible. “It's all about treating people the way you want to be treat- 
ed,” says Selker. He adds, “NIH provided the supplement, and it was rel- 
atively easy to get it funded. NIH was a great partner in this.” 

Other universities also work to make life easier for scientists with dis- 
abilities. At Berkeley, Basni says, “My department right now has a quad- 
fiplegic student.” He adds, “Berkeley in general is especially friendly 
toward people with disabilities. There is lots of help for them, and it is 
a pretty friendly place for that.” Basri also mentions that people with 
limited mobility can focus on computer based research. 
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HARRY SELKER 


Removing the Obstacles 

To make today’s world of engineering and science even more friendly 
to people with disabilities, Stern says, “You need a champion, someone 
who knows that diversity includes disability.” She explains that a man- 
ager in a company or agency who had a positive experience with a dis- 
abled scientist, engineer, or student becomes a champion. She adds, 
“Internships make it so managers and mentors gain experience that 
someone with a disability can be productive, creative, a team player, 
and an outstanding problem solver. In fact, anyone with a disability 
from birth or an accident develops persistence, which is basic to science 
and provides the ability to think out of the box." 

Many of the obstacles for a person with a disability start long 
before reaching a professional career. So Stern and her colleaques 
reach out to students all the way down to preschool. She says, “We 
show them that science and engineering are viable careers. If coun- 
selors don't think science and engineering are possible careers then 
they are not going to encourage students with disabilities to get in 
college prep math courses. Then, when these students get to college, 
some doors are already closing. It takes an extra effort.” Sometimes 
that effort includes assistive technology. 

Disabilities can also affect scientists later in their careers, just from 
aging effects. Stern says, “I get calls several times a year from AAAS 
members who are losing their vision.” She adds, “Sometimes a spouse 
or partner calls and realizes that the scientist is getting increasingly 
frustrated because he or she cannot read anymore or cannot read com- 
fortably.” In those cases, Stern and her colleagues put the person in 
touch with experts who can help. 
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Spreading Diversity 

Understanding the state of diversity can be easi- 
er than improving it. Moreover, the problems 
stretch from the past and into the future. Basri 
says, “The real problem is in grades K-12, and sci- 
entific leaders don’t have much control over that. 
Still, we can work with K-12 leaders to see what 
we can do.” He adds, “The state of science edu- 
cation in this country affects the under-represented populations 
more than others.” 

Still, Basri sees things that can be done. “Leaders can point out when 
they have found something that works, and share it with other leaders.” 
Nonetheless, he adds that search committees must pick from small 
pools, in terms of underrepresented populations. 

Dewey of the Keck Graduate Institute also sees potential 
approaches to improving diversity. He says, “Top scientists are incred- 
ibly influential, probably more so than they realize. They can be 
champions for young people and really help their careers.” In addi- 
tion, the Keck Graduate Institute also makes life easier for young fac- 
ulty members by using a contract system, instead of tenure. For 
example, Dewey says, “We had a woman who came to us as an assis- 
tant professor, and she had a child in the year of her arrival. She 
negotiated that upfront, but she even said that she never would have 
done that in a tenure system.” 

At Abbott, Mueller sees many things that employees do to improve 
the company’s diversity. She says, “We have several forums and net- 
works that are employee-run and sponsored by executives. They include 
the Black Business Network, Chinese Culture Network, Women Leaders 
in Action, and others.” She adds that these groups can make a large 
company seem like a smaller place that employees can navigate. "It is 
very important for scientists to meet colleagues in functions outside of 
R&D, as well as in the lab,” she says. 


VIRGINIA STERN 


Following the Results 

Although one of the first steps to increasing diversity involves improv- 
ing the breadth of backgrounds in an organization, other steps remain. 
Basri at Berkeley says, “Once you get more diversity in a department or 
institution, it is essential that you pay attention to whether those peo- 
ple are flourishing.” So keeping track of a diverse staff makes the dif- 
ference between success and failure. 

In the end, making sure that a staff is diverse and productive 
enhances any organization. “The importance of innovative science is 
key in any industry,” says Mueller. “That’s how we run our business, 
because that diverse experience from different areas and countries is 
critical to moving innovative science forward.” 


Mike May (mikemay@mindspring.com) is a publishing consultant for 
scence and technology based in Madison, Indiana, USA. 


GRADUATE PROGRAM 


The Gerstner Sloan-Kettering 
Graduate School of Biomedical 


PhD Program in Cancer Biology 
An Internationally Recognized Research Faculty in: 


ScienceCareers.org 


Sciences offers the next * Cancer genetics * Computational bivloge 
generation of basic scientists a « Genomic inteyriny « Experimental therapeutics 
" : * Cell signaling and regulation * Experimental pathology 
program to study the biological « Strueniral biology « Imaging and radiation scienecs 
sciences through the lens of * Immunology * Oncology 
cancer — while giving students * Cheinical biology * Genomics 
* Developmental biology * Animal models of discasc 


the tools they will need to 
put them in the vanguard of 
research that can be applied in 


An Innovative, Integrated Curriculum Provides 
a Fundamental Understanding of: 


. «the nature of yencs and « Cell-cell interactions 
any area of human disease. rE 
gelle expression * Cellular response to the 
« Celhilar organization environment 
* Tissue and organ formation * Engyine activiig 


AH Matriculated Students Receive a Full Fellowship Package 
for the Duration af Stucty. 


Please visit our Web site to learn how tw apples, for application 
deadlines, and for more information about our PhD program. 


www.sloankettering.edu [= 


gradstudies@sloankettering.edu | 646.888.6639 


Gerstner Sloan-Ketterin 
Graduate School of Biomedical Sciences 


New York City 
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INSIGHT 


Each perspective brings new possibilities for innovation. 
Would you like to share your distinct vision with us? 


At the Novartis Institutes’ cutting-edge research facilities 
in Cambridge, MA, we now have multiple opportunities 


at all levels (BS/MS/PhD) in cardiovascular, diabetes 

and metabolism, human genetics and ophthalmology, 
infectious diseases, and oncology, in addition to positions 
in a range of functional specialties. 


To view descriptions of all open positions and to apply, visit 
www.nibr.novartis.com and follow the links to Careers and 
Job Opportunities. 


Novartis has recently been named a Science 2005 Top Employer. 


Novartis ls committed to embracing and leveraging diverse backgrounds, 
cultures, and talents to achieve i 


cia tens machete me th NOVARTIS 


NOVARTIS INSTITUTES 
FOR BIOMEDICAL RESEARCH 


5 : The New Pathway to Drug Discovery 
www. nibr.novartis.com 
©2005 Novartis AG 
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fl The University of Georgia 


New Faculty Positions in Biomedical Sciences 


‘The University of Georgia 1s dramatically expanding ils research programs in mterdiseiplinary biomedical 
and health sciences and is recruiting tenure Wack or tenured facully im a number of related areas, ‘This 
exciting initiative is marked by expansion of the Biomedical Health Sciences Institute, the opening of Lhe 
Paul D, Coverdell Center for Interdisciplinary Biomedical Studies, the establishment of anew College of 
Public Health. the development of new. state-of the-art bio-contanmment facilities for studies of animal and 
human health, and increasing emphasis on quantitalive approaches to biological and medical problems. 
‘The University seeks to expand existing sirengibs by recruiting faculty in the followimg areas: 
* Genetics of complex traits relevant to human health and disease 
+ Pathogenesis, bioinformatics or host cellular response to emerging and re- emerging hacterial 
infectious diseases 
+ Tmmunology 
* Molecular epidemiology 
+ Public ITealth: biostatistics, epidemiology, and health policy 
+ Systems hiology, especially combined use of experimental and computational approaches to 
studlies of signaling in complex contexts, such as cancer 
« Glycoscience, especially glycosaminuglycin structure/tunction, glycu-immunology. 
cellideyelupmental, cancer ur chemical bivlugy 
« Drug discovery 


Successful candidates will have the opportunity to participate in a rich interdisciplinary and collegial 
environment provided by the center and imstilule structure al UGA (deseribed at http://www.auga.edu/ 
research/cenoters1.béml), and to benefil from partmerships involving nearby mstitutions. including the 
Centers for Disease Control and Prevention. the Medical College of Georgia, Georgia Tech and Emory 
University. 


Applicants for any of these positions must have an advanced degree (PhD. DVM. MD or equivalent}. 
Suceessful candidites will be expected to establish nationally recognized. extemally funded research 
Programs and contribute lo teaching in undergraduate, graduate and professional training programs. 


For more information regarding these positions, and for applicition instructions, please visit: http: 


BIOCHEMISTRY 
FACULTY POSITION 


Albert Einstein College of Medicine 


The Dept. of Biochemistry at the Albert Rinstein 
College of Medicine, Yeshiva University, is 
seeking a tenure-track Assistant Protessor. 
Applicants should demonslrale novel and 
innovalive approaches in research. Research 
programs wilh focus on fundamental queslions 
of hislogical chemistry with links to human 
disease are desirable. 


Our facully has exceplional and expanding 
research programs in structural biochemistry, 
systems and computational biology, chemical 
hielogy, membrane proteins, metabolic 
regulalion, dynamics in calalysis, largel 
identificalion, calalylic mechanisms, prelein- 
nucleic acid inleraclions, genelics, inhibilor 
design and anlibielic resislance mechanisms. 
Selected research programs will he expanded 
inte a new center for genetic and translational 
medicine now under construction. 


Candidates are expected to have a PhD or MD 
degree, postdoctoral experience and a strong 
publication record. Applicants should send a 
curriculum yilae and a summary of research 
plans as a single PDF file lo: BCsearchO5@ 
medusa. bioc.aecom.yu.edu. Lellers from Lhree 
or more references should be seml Lo Lhe same 
address or to: Search Committee, Dept of 
Biochemistry, Alhert Einstein College of 
Medicine, Jack and Pearl Resnick Campus, 
ae Morris Park Avenue, Bronx, NY 10461. 


ALBERT EINSTEIN 


Jivwww.oypruga.cdu/ficultypositions/, 


the University of Georgia is an Affirmative Action and Equal Opporiunity Euployer. 


- College of Medicine 
SCOTT & WHITE g ater patria 


Health Science Center 


Pediatric Hematology-Oncologist 


The Section of Pediatric Hematology/Oncology at Scott and White 
Clinic and the Texas A&M University System Health Science 
Center College of Medicine (TAMUS HSC-COM}) are seeking a 
clinician scientist with current research grants for a faculty position 
in a rapidly growing program. The candidate should be BE/BC in 
pediatric oncalagy and committed ta an academic career. The 
successful candidates will jain and enhance angoing efforts in 
basic and translational research, with an institutianal commitment 
to building a world-class experimental therapeutics program. An 
outstanding start-up package includes high quality laboratory 
space, excellent benefits and competitive salaries commensurate 
with academic qualifications. The position guarantees 75% 
protected time for research activities. 


Scott & White Clinic is a 500+ physician directed multi-specialty 
group practice that is the leading provider of cancer care in Central 
Texas. Scatt and White Clinic and the 486 bed tertiary Scott & White 
Memorial Hospital is the main clinical teaching facility for TAMUS 
HSC-COM., Outstanding clinical practice and laboratory facilities on 
campus that perform state of the art molecular and cellular biology 
research, flaw cytometry, genomics and biostatistics are in place to 
support the research effort. 


Please contact: Don Wilson, M.D. Professor and Chairman, 
Department of Pediatrics, Scott & White, 2401 S. 31st, Temple, 
TX 76508. (800)725-3627 dwilson@swmail.sw.org Fax (254) 
724-4974, 


For more information about Scott & White, please visit www.sw.arg 
For Texas A&M www-.tamhse.edu. Scott & White is an equal 
Opportunity employer. 


: COLLEGE OF MEDICINE 
; OF YESHIVA UNIVERSITY 


Advancing scitncs, hailing rates 


Instructor or Assistant Professor 
Faculty Position 
Building Interdisciplinary Research Careers in 
Women’s Health (BIRCWH) Scholar 


Bngham and Women’s Hespital, Boston, MA is the home site for a 
Iarvard-wide training grant initiative called “[lormones and Genes in 
Women’s Health: From Bench w Bedside.” We are pleased to imviie 
applications for a full-tmme or part-uume faculty position for an MD or 
PhD/ScD to develop an academic career in women’s health. Specifi- 
cally, Unis NIH-sponsored aiming grant will support scholars invelyed 
In myesugaling the rele of hormones and genes in understanding sex 
differences in vulnerabilities to clinical disorders and those disorders 
specific lo women. Potential Scholars invesuyaling sucio-cnyvironmenial 
factors modulating the impact of hormones and yenes m understanding 
these sex-specific vulnerabilities will also be considered. Scholars will 
be sponsored for up to five years of mentored research from Harvard 
faculty in basic, translational, or clinical aspects of women’s health, and 
willcombine, ifapplicable, clinical work in the Scholar's specialty. Suc- 
cessful applicants will have prior relevant research trammy im research 
methodology, potential to obtain independent research funding and evi- 
dence of publication in peer-reviewed journals. Faculty appointments 
will be at the Instructor or Assistant Professor level, commensurate 
with qualifications. 


Apphcauons are accepted until January 10, 2006, To apply, please 
email or mail (1¥ and a 2-2 page summary on background, research 
interests and goals to: Dr. Ursula Kaiser, Program Director, at 
BIRC WH: partuers.org. Division of Endocrinology, Diabetes, 
and Ilypertension, Brigham and Wonicn’s I] lospital, 221 Longwood 
Avenue, Boston, MLA 02115. 


the Brigham and Womens Hospital, an Affirmative Action, hquteet 
Opportunity Exiployer. is a Harvard Medical School uffiliate. 
Applications from women und minorities are highly encouraged 
and desired. Applicants must he (8 citizens or permanent residents. 


AGILITY 
FOCUS 
TEAMWORK 


BREADTH 
OPPORTUNITIES 
GLOBAL REACH 


Discover the many small-company 
environments behind the 
big-company impact of the 
Johnson & Johnson companies. 
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Savinu 


You're an achiever and you're passionate about 
your work, You have leadership ability and want 
to make a difference. You understand the 
advantages of a small company compared to the 
opportunity and reach of a global organization. 
You wonder which environment will be best for 
unleashing your potential. 


Within the Johnson & Johnson Family of Companies 
you can experience an entrepreneurial atmosphere 
that encourages teamwork and innovation—in 
fast-paced environments that have the feel of a 


small company—where people are empowered to 
grow as leaders and to drive their own 

careers. But you'll also find the impact 

of the world’s most comprehensive 

and broadly based manufacturer of 

health care products. 


Wwww.jnj.com/careers 


MEDICAL DEVICES CONSUMER PHARMACEUTICAL 


& DIAGNOSTICS 


Blobirsim & Jobinon Serv ves, ue. 7005. dob ison & bale sar cure 
SMALL COMPENY CY ROVMONTRIG COMPANY IMPACT 5 4 rie: 


“Discoveries made at St. Jude have changed the way 
the world treats children with catastrophic diseases. 
Treatments that would not be possible without a diverse 
and highly motivated staff of dedicated individuals.” 


With the right vombination of people, progress and persistence, we 
catt achieve our mission of finding cures for calastrophic discases 
through treatment and research. St. Jude offers a wide variety of 
tewardiig caver opportutities i basic and clinival rescarch. 


Biochemistry 

Chemical Biology and Therapeutics 

Developmental Neurobiology * Genetics 

Hariwell Center for Bioinformatics and Biotechnology 
Hematology/Oncology * Immunology 

Infectious Diseases * Molecular Pharmacology 
Pharmaceutical Sciences * Structural Biology 
Therapeutics Production and Quality 


If you share our passion and believe in our mission, then you 
belong here. For more information about what it is like to work here 
and to apply for a position with us, please visit our website at 
www.stjude.org/jobs. 


St. Jude Children’s 
Research Hospital 


ALSAC- Densy Themes, Founder 


www.stjude.org 
An Equal Opportunity Employer 
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o> Penn 


UNIVERSITY Of PRUNGYTVANTA 


Department of Microbiology 
Assistant Professor 

The Department of Microbiology atthe University of Permsylyania’s 
School of Medicine sccks candidates for an Assistant Professor 
pesiGion in the tenure track. The successful applicant will have 
expenence in the field ef Genomics with a focus on bacterial pathogenesis 
or parasitology. Responsibilitics include developing a vigorous 
research program exploiling genomic-scule approaches [or the 
study of host-pathogen interactions, working on bacterial, fungal, 
or protozoan systems, Applicants must have an M.D. or Ph.D degree 
and have demonstrated excellent qualifications in Research. 


‘The applicant must demonstrate excellent potential for an independent 
caTeer in academic research. In this context, “genomics” 
cncampasses global, comprehensive, high-throughput, cast-cffective 
approaches lo studying biological systems. Appointments will be 
within the Micrabiglogy Department, fhttp://www.med.upenn. 
edu/micro;taculty. html} and Penn Genomics Lnstitute (hitpy/www, 
gonomics.upenn.cdu/). 


Please submit curriculum vitae and a brief statement of research 
interests by January 1, 2006 to: 


Search Committee ¢/o Margaret Kimble 

University of Penusyl¥ania, School of Medicine 

Department of Microbiology 
3610 Hamilton Walk, Room 225 Johnson Pavilion 
Philadelphia. PA 19104-6076 
mikimble@ nailsned.upeon.edu 
The University of Pennsylvania is an affirmative action/equal opportunity 
emptover and iy Strongly committed to diversity. Minorities’FemalesIndividu- 
als with Disabilities/Vererans are encouraged te apply. 


New York University 
School of Medicine 


Faculty Positions in the 
Department of Microbiology 


The Department of Microbiology ai NYU School of Medicine 
secks outstanding candidates for tenure track positions at the 
level of Assistani, Associate, or Full Professor in the Microbial 
Pathogenesis program. The program wall occupy one [oor in the 
new Smilow research building slated to open in January 2006. 
We are parlicularly interesied in mvesiigalors who are developing 
hew approaches and insights into the pathogenctic mechanisms 
used by microbes to establish chronic infection and to evade host 
defenses, as well as mio the mechanisms Jeading to cell and issue 
damage and the microbial and cellular gene functions invel¥ed in 
these processes. Interested applicants are encouraged to assemble 
and submit an elecironic application packel composed of a cover 
letter, curriculum vitae, the contact information for three references, 
and a research slalemeni. 


lior further information, please visit our website: 
hitp://www.mned. oy u.cdu/smiloweenter/opportunilics/ 
niicrobial_opps. html 


All application packets should be sent to: 
mnicropathsearch@:ined.uyu.edu 


The Microbiology Department efforts are part of a larger NYT! 
School of Medicine recruitment initiative. For more information, 
please visil hiip://fwww.med. nyu.edu/s miloweenler. 


FALL 2006 Ph.D. PROGRAMS 


@ t= DOCTORAL PROGRAMS IN THE 
Scripps CHEMICAL AND BIOLOGICAL SCIENCES 


The Kallegag Schaal of Scienes and 
RESEARCA _ Technology at Scrpps Research Institute 
w'll admit highly qua if'ed chemistry and 
Institute _ biclegy students te the La Je la, Ca iferna 
or the Jupiter. F crida carpus ta study 
bic ogy, bophysics, chertca b'e egy or chemstry, emp ay'ng a hgh y 
“ntord sciplnary approach including a custaryzed currcu um. The appl catian 
dead ine for Fa | 2006 “s January *, 2006. 


Estab ‘shed in “96”. Scr'pps Research Inst'tute has gained internationa 
recagnit an fer basic research “nchervstry, structura , melecu ar and ecl b'9 agy. 
Graduate studies at Scrpps Research Institute provide an except’ ona tra’ning 
opportunity in a uniquely mult’d'scipl"nary snvirenment with emphasis cn 
“nd v dua ized training. 


Cand"dates must have a bachelers degree and a strang background in b'a ogy. 
biophysics, chemistry, or are ated discip ‘ne. Qua ifed app icants wi be 

“my tad te vist the campus ef admiss on. Financial suppert wl be pravded te 
al students accepted inta the pregram. 

Ind’vdua s “nterasted in app ying should v'sit Scripps Resgarch Institute web 
$ tos: waescr pps.cdu or wawa.scripps.cdu/flerda ar contact: 


Kellogg Scheel cf Sc’snce and Techno agy 


10555 N. Terray Pines Rd. (TPC * 9} 
La Jolla, CA. 92037 


Ta: 858-784-8469 emai: gradprgm@scripps.cdu 


TSAl is aveodied by 21 Wes.erni Assovialiot o° Suhouls are. Colleges, $85 Allelic ave-iue, 
Alemoda. CA 31501 (3°0 7°83 90011 Tre Kelloce Scwol 0° Stieree cic Tecnology cermis 
wLraats Oo ary race, calor, ene naviaaal ae ec1ic origir. 


KELLOGG SGHOOL 


ot science and tectonology 


Faculty Positions 
UMass Lowell Center of Excellence 
in Nanomanufacturing 

The Tniversily of Massachusetts Tanvell (IMT) is conducting a search fa 
several tenure-track faculty to start in September 2006, Primary consideration 
will be given to candidates whose research expertise contributes to the NSF 
Nanoscale Science Engineering Center for High-Rate Nanomanufacturing 
(wwweumledu/ehn) and the UML Nanomanutacturing Center of Excel- 
lence (www.umledu/nano). Candidates with stromg skills in micro and 
nanotechnology, particularly in areas such as metrology and pasitioning, 
materials characterization, surface patlemming, micttnanoscale heat trans for 
and Muidics, polymer clectronies and sensors, eneray conversion & stor- 
age, multiscale modeling of pelymers, polymer processing. and biological 
systems for manufacturing. we encouraged to apply. Candidates must have 
an eamed doctoral degree in engineering. physical sciences. bielogical sei 
ences, dn related subjects, as well as a commitment to research and teaching, 
al both the undergraduate and graduate levels. Positi¢ms arc available at the 
Assistant Professor level, but more senior appomiments will he considered 
for candidates with outstanding reeards of achiewement. Applicants are 
requested to send (electronic submission preferred} a curriculum vitae. 
statement of teaching and research interests. and a list of three references 
to: NCOE@umLedu. Paper submissions should be sent to: Fuculfy Search 
Cununittec, Nanomanufacturing Center of Excellence, University of Mas- 
sachusetts Lowell, One University Ave. Lowell, MA 01854. The review of 
applications will begin on January 1, 2066 and will continue until pesitions 
are filled. Taculty will be hited inte a home department, bat will have an 
affiliation with the Nanomanufacturing Center. which includes a new build- 
ing te be completed in 2008. 

UMass Lowell is located approximately 30 miles Northwest of Beston. 
alimg the Merrimack River. Tn addition i leadership in the emerging areas 
of nancmanulacturing, the University has unique expertise in plastics and 
COMpIsiLes processing, polymer science, and health and environmental issucs 
in manufacturing, along with a stremyg history of collaberative research with 
industry, Please check the www.umLedwhr website for faculty postings 
available in other disciplines. 

The Cniversin: of Massachusetts Lowell is an Equal Opportuntive 
Affirmative Action, Title LL HEY ADA 1990 Employes: 


“Our work is more than a job, it's a 
career of mission-focused investigation.” 


Work that matters. 


The CNA Corporation is a non-profit institution that oper- 
ates on the principle of conducting impartial, accurate, 
actionable research and analysis to inform the important 
work of public sector leaders. 


We offer career opportunities for people with degrees in 
engineering, mathematics, economics, physics, chemistry, 
Inlemational relations, nauional security, history, and many 
other scientific and professional ficlds of study. 


Diverse views, objeclivily, Imaginalive techniques, process 
driven, results oriented committed to the common good. 
Join us. www.cna.org 


the CNA Corporation 


Research that works, for work that motters 


me 


ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 


Faculty Positions in Bioinformatics 
al Ecole Polytechnique Fédérale de Lausanne (EPFL) 


The School of Computer and Communication Sciences and the School 
of Life Seicnees at EPFL invite applications for facully positions m 
bicinformuatics al the fenure track assistant professor and tenured 
associate and full professor levels. 

Successful candidates will develop an independent and creative research 
program, participate in both undergraduate and graduate teaching, and 
supervise PhI> students. 

Candidates trom all areas of bioinformatics will be considered, but 
preference will be given to candidates with interests in comparative 
genomics, prolem modeling, and drug design. 


Significant start-up resources and research infrastructure will be available. 
We offer internationally competitive salaries and benefits. lo apply, please 
follow the application procedure at hip: biomformatic-recruiting. cpll.ch. 
The following documents ate requested in PDF format: curriculum vitae, 
inchiding publication list, brief statements of research and teaching 
interests as well as the names and addresses (including e-mail) of 3 
telerences for junior positions, and 6 for scnior positions, Sercening 
will start on January 31, 2006. Further questions can be addressed to: 
Professor Willy Zwaenepoel 

Dean 

School of Computer & Communication Sciences 

EPFL 

CH-1015 Lausanne, Switzerland 

recruiling.ic@epf.ch 

For more information on EPFL; htip.//www.epll.ch 

EPHI. is an equal opportunity employer. 


What I do matters 


| matter because my work is integral to the research conducted 
here — ta the innovative therapies developed here. In our research 
labs, our multidisciplinary team of chemists and biologists work to 
design new and effective compaunds that will be tested in our 
clinical research programs. 


| matter because | have something to offer. To the world, my 
colleagues, and to myself. 


As the world's third-largest pharmaccutical company, sanofi-aventis 
is enriched by a mosaic of talent. With courage and respect, 
approximately 100,000 employees in aver 80 countrics have 
earned us global presence and prestige — contributing to a 
product portfolio and pipeline that will improve the health of 
millions worldwide. 


We hire highly qualified individuals in these areas of specialty: 


Clinical Research 

Clinical Planning 

Toxicology 

Molecular and Cellular Biology 
Clinical Project Management 
Genomic Sciences 
Biostatistics 

Protein Sciences 

Data Management 

Quality Assurance 

Chemistry 

Analytical Sciences 

Medical Writing 

Regulatory Affairs 
Pharmacokinetics 
Pharmaceutical Development 
Pharmacology 
Pharmacovigilance 
Informatics 


At the heart of all that matters are people, connected in purpose 
by career, by life, and by health. 


Find your niche with sanofi-aventis. 
Explore our opportunities online. 


www.careers.sanofi-aventis.us 


An equal opportunity employer, sanofi-aventis embraces diversity 
of thought and culture to faster positive, innovative thinking that 


will benefit peaple worldwide. 


‘sanofi aventis. 


Because health matters 


ScienceCareers.org 


DIVERSITY 


ScienceCareers.org 
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CHAIR 
Department of Medical Pharmacology and Toxicology 
‘The University of California, Davis School of Medicine is seeking candidates 
for the Chair of the Department of Pharmacology and ‘loxicology. We seek 
an outstanding scientist with a superb record in research relevantto academic 
pharmacology to provide visionary and dynamic leadership to 4 vibrant and 
young depariment. ‘he department is housed in the newly opened Genome 
and Biomedical Seienee Facility on the Davis campus, anid has strong links 
to the new UC Davis Genome Center. The candidate should have a strong 
vision for basic science, and be prepared to lead the department in the School 
of Medicine's multi-departmental quest for excellence. The candidate should 
have demonstrated ability to meet the challenges of academic medicine and 
to work cooperatively and collegially within a diverse environment. 
The Chair will lead a department that currently has 10 full-time faculty, nine 
of whom have joined the department within the last two years. Additional 
information about the department is available at: hitp://som.ucdavyis.edu! 
departments/pharmacology!. The Chair will also be responsible for con- 
tinued growth of the Department, with the addition of 3 new state-funded 
tenure Irack faculty positions, Euch new position will be accompanied by the 
Tesourees needed lo ensure recruilment of outstanding faculty. 
The successful candidate will be an miemationally recognized scientist with 
an aclive research program who has 4 demonstrited record of leadership. im 
research, education, meniormg. and admimisimution. and who qualifies for 
appouttinent al the Full Professor level. The candidate must possess a Ph.D., 
M.D... M.LD./PB.D, or equivalent. ‘This is a stile finded position (FTE) within 
the School of Medicine, 
Please forward: (1} curriculum vitae; (2} sialement of research and administra- 
tive background; and (3} names and addresses of five references lo: Pharmacol- 
ogy Chair Search Commitize, via email lo Janice. weir@iucd oc.ucdavis.cdu, 
or vit regular mail lo; Janice Weir, ¢/o Oftice of Academic Affairs, Schuol 
of Medicine, University of California, Davis, Medical Center, PSSB Suite 
2500, 4150 ¥ Screet, Sacramento, CA 95817. For full consideration, applica- 
tions must he received by January 31, 2006. The position will remain open 
until tiled through Tune 30, 2006. 
The Universitv of California is an Affirmative Acton! 
fynal Opportunity Prplover. 


RT-LUDWIGS- 
TAT FREIBURG 
The Faculty of Chemistry, Pharmacy and Earth Sciences at 
the University of Freiburg invites applications for a 


Full Professorship in Physical Chemistry 
(German WS3 level, 
successor to Prof. G. Kothe). 


The pasition is available from October 2006. Candidates are 
expected to teach physical chemistry at all levels and to 
represent the field scientifically. We seek a molecular 
spectroscopist with a high international reputation. Due to 
the faculty's focus on materials and life sciences, preference 
will be given to candidates that can contribute to these fields. 


In the case of a first appointment to a university lectureship. 
the position is initially limited to a time interval of five years, a 
prolongation is subject to a positive evaluation. This limitation 
can be relaxed for candidates from abroad or from outside a 
university. 


Freiburg University is an equal opportunities employer and 
particularly invites applications by female and handicapped 
scientists, which will be given preference provided they have 
acorresponding qualification. 


Applications must be received at the following address by 
January 5" 2006: Dekan der Fakultat fur Chemie, Pharmazie 
und Geowissenschaften, Universitat Freiburg, Hebelstr. 27, 
D-79104 Freiburg im Breisgau, Germany. 


Associate Laboratory Animal Veterinarian 
Division of Comparative Medicine 
New England Primate Research Center 
Harvard Medical School 


The New England Primate Research Center (NEPRC) of Tarvard Medical 
School has an immediate opening for a Laboratory Animal Veterinarian in 
the Division of Comparative Medicine. The academic appointment will he 
at the Research Associate/Instructor level in the Department of Pathology at 
Harvard Medical School. Responsibilities wall mclude providing clinical care 
and velerinary support for 4 colony of more than 1.800 annnals representing 
9 species of Old and New World pruniutes. 

‘The NEPRC fosters « highly interactive and multidisciplinary research 
environment. und faculty m the Division of Comparative Medicine col- 
laborale extensively with core scientisis as well as investigators Lough 
oul ihe New England region. Faculty bave long standing and well funded 
programs focused on behavior. neuroscienes and infectious disease research, 
‘The veterinary staff is highly encouraged to pursue such independent or col- 
laboralive research. The Division of Comparative Medicine has excellent 
infrastructure to suppor! both clinical and experimental medicime including 
recently completed and state-of-the-art laboratory, veterinary and hiocan- 
tainment faeilitics. Minimum qualitications include a DWM (or equivalent). 
Previous experience with nonhuman primates is desirable and individuals 
with independent research expericnes are encouraged to apply. 


The NUPRC is located in rural Southborough, MA, approximately 25 miles 
west of Boston, and in the heart of New England. Salary will be competitive 
and commensurate with expericnes. Additional information may be obtained 
at our website: hetp:/Avww.hins.harvard.edu/nerpre!. To apply, send a 
letter indicating interests and experience, a curriculum vitac, and the names 
of three individuals who may be contacted for references to: Keith Mans- 
field, DVM, Divisiun of Comparutive Medicine, New England Primate 
Research Center, Harvard Medical Schoul, One Pine Hill Drive, ?.O. 
Box 9102, Southborough, MA 01772-9102. 


Harvard University is an Affirmative Action and Equal Opporiunity 
Educator aid Employer, Women and individuals from tnder-represenied 
wlnorities are Strongly encouraged to apply 


Faculty Positions 
UNMC Eppley Institute for Research in Cancer 
and Allied Diseases 


The Eppley Institute for Research in Cancer and Allied Diseases, a 
multi-diseiplinary caneer research institute at the University of Nebraska 
Medical Center ({UNMC), invites applications for tenure-leading positions 
atall levels. We seck candidates with outstanding record of reacarch achieve- 
ment with interests relevant to cancer research including, but not limited to: 
control of cell growth and death, requlation of gene expression, ancogens and 
tumor suppressor function, tumor mnmunology, animal models. metastasis 
and angiogenesis. chemical biology. cancer euiolosy and chemoprevention. 
We encourage applications from researchers focusing on basie molecular and 
evllular mechanisms, as well as Lhose focusing on molecular therapeutics 
and specitie disease models. 


‘The Eppley institute for Research in Cancer and Allied Diseases. an integral 
par! of both the University of Nebraska Medical Center and the UNMC Cancer 
Center (NC]-designated Cancer Center}. continues aggressive recruitment 
of outstanding scientists in several areas of scientific priority. The Institute 
provides a supportive environment thal fosiers crealive. mullidiseiplinary 
research with world-elass laboratory facilities. state of the art core facili- 
lies, and outstanding institutional and state support. New faculty will find a 
collaborative scientific environment coupled with very competitive start-up 
packages. Both pre- and post-loctoral fellowships are available for support of 
trainees. Omaha, the nation’s 42nd largest city, offers an outstanding school 
aystem, low cost of living, and numerous recreational activitics. 


Candidates should have a Ph.D. and‘or MT. degree and postdoctoral 
research expertcnee. Applicants can apply online to position # O831 at 
hitps:/‘johs.unme.edu. Additional information can be found at heep: 
/seww.unme.edu/cancereenter!. Candidates should alsa forward a mini- 
mum of 3 letters of reference to: Search Committee, Eppley Institute for 
Research in Cancer and Allied Diseases, Actn: Matt Winfrey, University 
of Nebraska Medical Center, 986805 Nebraska Medical C enter, Omaha, 
Nebraska, 68198-6805. 


The Universitu of Nebraska Medical Center is ait 
Fqual Opportunity Fuployer. 


o 
ul 


UNDERGRADUATE 
SCIENCE RESEARCH 
SCHOLARSHIP AWARDS 


m 15 Awards Annually 

Scholarships up to $25,000 

Two Summer Internships at 
a Merck Research Facility 


An applicsul must: 

© Bea full-time student at any 
four-year college or university 

© Have junior year academic status 

® Major in a life or physical science 
(first professional degrees excluded) 

® Have a minimum cumulative GPA 


of 3.3 (-L.0 point seale) 


el 


UNCFe MERCK SCIENCE INITIATIVE 


“Amind is a terrible thing to waste” 


€ MERCK 


GRADUATE 
SCIENCE RESEARCH 
DISSERTATION FELLOWSHIPS 


M12 Fellowships Annually 

i Fellowship Stipends up to $42,000 
Department Grants of $10,000 

MH Support for 12-24 months 


POSTDOCTORAL 
SCIENCE RESEARCH 
FELLOWSHIPS 


H 10 Fellowships Annually 

i Fellowship Stipends up to $70,000 
Department Grants of $15,000 

H Support for 12-24 months 


Au applicant must: An applicant must: 

¢ Be enrolled full-time ina Ph.D. ¢ Hold a Ph.D, or ecarivalent degree in 
or ecatiyalent doctoral a biomedical life or physical science 
program in a biomedical life or * Be appointed as a new or continuing 
physical science postdoctoral fellow by the end of 2006 

* Be engaged in and within 1-3 years at an academic or non-academic 
of completing dissertation research research institution (private industrial 

laboratories are excluded) 


Sooo OEE 


Applicants must be African American (Black), U.S. cilizens or permanent residents, 


and allending an it 


lilulion in the U.S.A. Applications must be postmarked by December 15, 2005 


For application forms anc more information, please contact your department chairperson or Jerry L. Bryant, Ph.D., 
at the United Negro College Fund, 8260 Willow Oaks Corporate Drive, P.O. Box 104441, Fairfax, VA 22031-4511, 
by fax (703) 205-3574, by e-nail al unefmerch@uncf.org. Apply online ov download from our websile al 


wrorouneforsimerch! 


Tenure-Track Faculty 
Position, Microbial 
Pathogenesis, 

Yale School of Medicine 


The Section of Microbial Pathogenesis of 
the Yale School of Medicine is secking 
applicants for a tenure-track faculty position 
at the Assistant Professor level. Applications 
at other ranks fom more established inves- 
tigators with a strong record of accomplish- 
rocils will also be considered, We are sccking 
applicants usm muludiseiplinary approaches 
to investigate host pathogen interactions. Indi- 
yiduals studying viral, bacterial, or protozoan 
orgamustos who are mtetested im the cell biol- 
ogy or immunobiology of host infection are 
encouraged tv apply. The posiuen offers an 
alitacuye start-up package, cxcellent labura- 
tory space anda stimulating scientific research 
environment, Candidates should have a Ph.D. 
and‘or M. 1. degrees, suitable postdoctoral 
research experience, a strong record of 
research accomplishments, a commitment 
to develop independent, innovative research 
programs, and an interest in graduate and 
medical education. 


Applicants should submit, a curriculum vitae; 
# statement of current and future research 
interests and arrange to have three letters of 
reference sent to: Chair, Search Commil- 
lee, Section of Microbial Pathogenesis, 
Yale School of Medicine, Boyer Center for 
Molecular Medicine, 295 Congress Av. New 
Haven, CT 06536. 


GRADUATE PROGRAM 


Graduate Studies in 
the Life Sciences 


Nebiaska 


Medical Center 


NEBRASKA'S HEALTH SCIENCE CENTER 


Graduale programs in the life sciences are offered ut the University of Nebraska Medical Center (UNMC) 
in Omaha, Nebraska. Studies leading to the Ph.D. are available in cight basic science programs and 
one integrated, interdepartmental training program (MSTA). Ta addition, the BRTP may he used as a 
common entry path for most of the basic acicnce programs. Numerous training and research grants as 
well as significant internal funding sourees support students in these degree programa. In the 2005-2006 
academic year, most full-time Ph.D. students are being supported by a stipend of $21,000 or more with 
remission of all tuition. Most students begin their research rotations and orientation program in Tuly 
or mul-August. 


The Ph.D. life scicnee programs currently available at TNMC include: 

Biomedical Research Training Program (BRTP; common entry program) 

Biochemistry and Molecular Biology Pathology and Microbiology 

Cancer Research Pharmaceutical Sciences 

Cellular and Lntegrative Physivlugy Pharmaculogy and Experimental Neuroscience 
Genetics, Cell Biolugy and Anatomy ‘Loxicolugy 

Medical Sciences Loterdepartmental Arca (MSLA) 


Interesied students should visit UNMC al bftp:/fapp].unmec.edwyradstudies/, Apply online! 


UNMC has experienced a rapid growth in the past five years with new research buildings and laborato- 
rivs added lo support the imcrease mm research activity. The campus is a modem, academic health center 
consisting of four professional colleges (Medicine. Dentistry. Nursing and Pharmacy), the Munroe-Meyer 
Institute. Lhe Eppley Instiiule for Research in Cancer and Allied Diseases. and the Graduate Studies 
program. Our partner. the Nebraska Medical Center is the primary e¢linical teaching site for UNMC., Our 
focation in metropolitan Omaha allows convenient travel comections and @ modest cost of living. 


Information regarding all programs. as well as an online application can be aecessed through the 
websile al betp:/“ippl.uome.edu/gradstudics/. Questions about UNMC Graduate Programs may be 
addressed to: David Crouse, PhD, Executive Associate Dean tor Graduate Studies, 987810 Nebraska 
Medical Center, Omaha, NE 68198-7810; phone: 402-539-6531: facsimile: 402-539-7845; ¢-mail: 
UNMCGraduateStudicsiunmic.edu. 


University of Nebraska Medical Center is an Equal Opportuniiv. Affirmative ction Employer 
finorities and Women are Encouraged io Apply. 
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Epigenetic Regulation of Gene Expression 
Raul Wfeiite Ph.1D. eee @mail. nig gov 


Cell Regulation by Phosphoinositide Messengers 
Sour Balla, M. BD. Ph. Ds  balla@imail. mil. gov 


Biology of RNA Metabolism in Eukaryotes 
nee ashe M. D., maraiars mail. nil gov 


Nutritional and Behavioral Aspects of Pediatric and Adolescent Obesity 
Jack te Yanov' ski. M. A. , Ph. I). »jyTai@nih.g gov 


Middle Childhood and Early Adolescence 
Mare en. cubase Ph. 1).. Mare H Bornstein@inih.gov 


Postdoctoral Opportunities 
Neuron-Glia Interactions & Synaptic Plasticity 
National Institute of Child Heath and Human 
Development 


Two openings: (a) Neuron-glia communication in nervous 
system development & plasticity. (b) Llectrophysiology of 
hippocampal LTP. Electrophysiologist must be experienced in 
hippocampal slice LTP for studics of intracellular signaling & 
transcriptional regulation in synaptic plasticity. Neuron/glial 
biologist with expericnee in myclination or perisynaptic glia 
will study activity-dependent communication between axons 
and myclinating glia, & glial involvement in synaptic plasticity. 
The laboratory utilizes DNA miero-arrays, 2-photon imaging, 
& molecular metheds to study intracellular signaling & tran- 
scriptional regulation in activity-dependent nervous system 
development & plasticity, Ph.D. & < 5 years postdoctoral 
expcricnes required. Send CV, 3 letters of reference: 

R. Douglas Fields, Ph.D., 35 Lincoln Dr, 35/2A4211, Bethesda, 
MD 20892-3713 

ficldsd(@mail.nih.goy / http://nsdps.nichd.nih.gov/ 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


Postdoctoral Positions 
National Institute of Child Health and Human Development 


Molecular & Cell Biology of Genetic Disorders of Bone 
Joan Mari ini, M. D.. Ph. D. vidoes helix. nih. gov 


Neurcgulins in Neuronal Plasticity and Schizophrenia 
Andres Buonanno. sa D., acoab aban mh. gov 


Retrovirus Models in Yeast 
ca) eae oe DB. henry _levini@naitg sf 


Biology of Skeletal Growth 
Jeffrey Baron. M_D., jeffrey. baronnih.gov 
fh | dni fi GH 


Endocrinology Fellow 
lynne Nieman. M. D., eipthant Gail. gov 
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¢) Health Scientist Administrator 
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National Institute of General Medical Sciences 
National Institutes of Health 
Department of Health and Human Services 


The National Tnstitute of General Medical Sciences (NIGMS) in Bethesda, MD is seeking applications from outstanding candidates for 
a Licalth Scientist Adininistrator (LISA) position in the Pharmacological and Physiological Sciences Branch within the Pharmacology, 
Physiology, and Biological Chemistry Division, The recruiting branch currently supports research and training into understanding 
the basis of traumatic and burn injury and the perioperative period, the molecular basis of action of anesthetics, the mechanisms of 
and genetics underlying the actions of therapeutic drugs, and the development of predictive preclinical toxicology approaches. 
The individual hired will be responsible for applying his/her clinical and rescarch expertisc to manage and develop research and 
training grants in NIGMS broad areas of basic studies in pharmacological and physiological sciences, and to foster the translation 
of results from fundamental rescarch arcas inte clinical studics. The person should have expericnee gained in a medical rescarch 
institution and understand how research is conducted with human subjects or patients in a clinical setting. A background in at least 
one of the following arcas is preferred: trauma, injury and recovery, or clinical pharmacology, or immune system biology, or alter- 
natively in a cross-cutting area such as studies of the role of inflammation in the disease process or of molecular/cellular signaling 
in these systems. Lxperience in modern methods of geneme or proteome analysis would also be desirable. 

Applicants must possess an MD andor PhD plus scientific knowledge in the fields of pharmacology, physiology, immunology, sys- 
tems biology, medicine, or related fields. Applicants must be familiar with both clinical and laboratory approaches in his/her own 
field(s) of expertise. Experience 1m the NTH peer review and grant award process would be beneficial, Salary will be commensurate 
with qualifications, may include a physician’s comparability allowances, and will have a full package of bencfits. Detailed vacancy 
announcements NIGMS-05-100271 and NIGMS-05-100881 with the qualifications and application procedures are available at 
the NIGMS web page at http:/Awww.nigms.nih.gov/about/job_vacancies.html. Questions about application preccdures may be 
directed to Erin Bandak at 301-594-2324. Applications must be received by January 4, 2006. 


Health Research 


in a Changing World 


Fighting Diseases and Improving Lives 


Tenure-Track Investigator Position in Immunology and Related Fields 
National Institute of Allergy and Infectious Diseases 
National Institutes of Health (NIH) 


The National Institute of Allergy and Infectious Diseases (NIAID), Division of Intramural Research (DIR) is recruiting for a Tenure-Track Investigator in the Laboratory of 
Cellular and Molecular Immunology {LCMI}. The NIAID is a major research component of the NIH and the Department of Health and Human Services (DHHS). 


The Laboratory of Cellular and Molecular Immunology {LCM} is seeking an M.D., Ph.D., D.V.M., or an equivalent degree for a tenure track position. Candidates with a 
strong record of creative, scientific accomplishments, and those with a novel, progressive approach to the discipline are particularly encouraged to apply. 


The successful candidate will have a unique opportunity to establish an independent research program at the NIH main campus in Bethesda, Maryland. This facility 
houses one of the largest immunological research communities in the world, with access to flow cytometry, confocal microscopy, mass spectrometry and microarray 
production. This position will have committed resources for space, a technician and two postdoctoral fellows, as well as an allocated budget to cover service, supplies, 
animals and salaries. 


Salary will be commensurate with research experience and accomplishments. A full Civil Service package of benefits is available, including retirement, health, life, long 
term insurance care and Thrift Savings Plan. 


Address any questions about this position to Dr Ron Schwartz at rs34r@nih.gov. To apply, candidates must submit: curriculum vitae and bibliography, and a 2-3 page 
description of a proposed research program and selected publications, preferably via email to Ms. Felicia Braunstein at braunsteinf@niaid. nit.gov. In addition, three letters 
of recommendation must be sent to Ms. Felicia Braunstein, Committee Manager, NIAID, NIH; Bldg. 10, Rm.4A430, MSC-1349; Bethesda, MD 20892-1349. All applications 
must be received by December 1, 2005. All applicants will be notified by e-mail or phone when their applications are received and then complete. 

We invite you to explore our Institute and other job opportunities at http://healthresearch niaid.nih.gow/science. 


Please reference “Science” on your resume. 


ScienceCareers.org 


CHAIR 
DEPARTMENT OF CHEMISTRY AND BIOCHEMISTRY 


2 


ARIZONA STATE UNIVERSITY 


The Department of Chemuisiry and Biochemusiry al Anzona State University mviles applications and nominauons for the position of Department Chai. 
Arizona State Caversity (sec hitp://www.asu.edu) is a dynamic, itcmationally recogmzed research university scrvimg more than 60,000 students mi the 
Phoenix metropolitan area, one of the fastest growing whan centers in the nation. Chemistry and Biochemistry at Arizona State University currently has 
about 40 faculty and is embracing a peried of unpreeedented prowth. The department has benefited (rom a University-wide miuative to upsrade research 
space and has hired ten new Lacully members im the last two years (sce hl(p://www.chemistry.asu.edu/ for more detailed information). The Department 
has a historically strong record in interdisciplinary research, recognized by a series of nationally funded centers, and takes special pride in a collegial 


atmosphere bolsicred by permeable boundaries between traditional programs and strong tics to related academic units ncludimg the Depariment of Physics, 
the School of Earth and Space Explorauon, the School of Materials, the School of Life Sciences, and the BioDesigm Institute, 


The successful candidate is expected Wo provide visionary leadership, to oversee growth in the deparunent faculty and research programs, to further develop the 
graduate aml undergraduate programs, lo establish acs between the department and other University or community-based research and education miuatives, 
and to maintain a productive research program. Candidates must have an earned doctorate in chemistry, biochemistry, or a closely related field, achieved 
national and imtemational recognition for their scholarship appropriate to the tank of Professor, have a distinguished scholarly record, and be familiar with 
the federal budget process and the strategie goals of the funding agencies. Desirable qualifications melude documented leaderslup, previous admuusimative 
experience in a doctoral-granting department, a history of external funding, experience with program development in research and education, evidence of 
sirong communication and organizational skills, and evidence of commitment m working with and supporting a diverse student and faculty population. 
The position is available beginning July 1, 2006, or as soon as possible thereafter. Salary and start-up will be competitive and commensurate with quali- 
fications, Nemumutlions for this posiuon are bemy sought and will be most helpful ifreecived by December 9, 2005, Review of applications will begin on 
January §, 2006; ifnot filled, applications will be evaluated every wo weels thereafler until the search is closed. Applicants must submit electronically 
tin MS Word or PDF format) a cover letter and a current curriculum vitae to Ms. Roxana Martin {roxana.martin@asu.cdu). Inquiries and nominations 
should be directed tu; Robert Page, Director, School of Life Sciences, Arizona Siale Universily, PO Box 874501, Tempe, AZ 85287-4501; or email: 
robert.page(@iasu.cdu. A background check is required for employment. 


ASU is an Affirmative Action‘Equal Opportunity Emplover. 


DEAN 
School of Natural Sciences 
and Mathematics 


University of Heidelberg 


CSUB seeks an individual with vision and energy to become 
Dean of NSM and collaborate with our distinguished faculty 
in promoting excellence in research and teaching. The Dean 
will lead NSM in groundbreaking for a Math/Computer 
Science building and inaugurating master's degrees. NSM 
offers B.S. degrees in bialagy, chemistry, computer science, 
and physics and B.S. and master’s degrees in gealagy, 
mathematics, and nursing. Detailed description available at 


The Department of Physics and Astronomy of the Ruprecht- 
Karls-University of Heidelberg, Germany, invites applications for a 


Professorship in 


Experimental Physics 


We are looking for an outstanding experimental physicist active In 
the field of atamic and quantum physics as well as related subjects 
in fundamental research. The position is equivalent to a chair in 
experimental physics. The new professor is expected to demonstra- 
te a commitment to teaching excellence in both the undergraduate 
and the post graduate level. 


The position is permanent. Candidates wha have not served as a 
University Professor will initially be appointed on a fixed-term con- 
tract according to § 50 Paragraph 1 LHG (University Law of the 
Federal State of Baden-Wirttemberg), after which tenure may be 
granted without the necessity of re-application. Exceptions may be 
made for international or extra-university applicants. 


The University of Heidelberg seeks to increase the number of quali- 
fied women in teaching and research positions and strongly encoau- 
rages applications of women. Handicapped persons with equivalent 
quallflcations will be given preference. 


Quallfied candidates are Invited to submit thelr application until 
31.12.2005 with the usual documents to Prof. Dr. K. Meier, Dean, 
Department of Physics and Astronomy, Albert-Ueberle-Str. 3-5, 
D-69120 Heldelberg, Germany. 


www.csub.edu/AcademicAffairs/FacEmp/NSM. pdf 


Qualifications: 
« Dactorate and record to merit appointment as 
professor in an NSM discipline 
Academic administrative experience 
Success in external funding and building partnerships 
A record of effective collaboration 
Cammitment to diversity 


Applications accepted until position is filled. Inferviews 
planned for January 2006. Appointment expected to begin 
July 3, 2006. Completed applications must include a letter of 
application, CV, and contact information for af least three 
references. Submit applications to: 


Search Committee, NSM Dean 

c/o Office of the Provost, 59 ADM 
Califomia State University, Bakersfield 
Bakersfield, CA 93311-1022 


CSUB is an Equal Opportunity Employer 


HELMHOLTZ 


= GEMEINSCHAFT 


The Helmholtz Association is an 
affiliation of 15 German research 
centres whose main work focus 
lies in science and technology, 
Mediclne and blology. 


Our 24 000 employees are known 
for their outstanding achievements 

in six fields of scientific research: 
earth and environment, the structure 
of matter, energy, transport and aero- 
space, health and key technologies. 


In cooperation with the Hannover 
Medlcal School, the GBF In Braun- 
schweig, Germany — our research 
institute for infectious diseases — 
is seeking suitable candidates for 
various positions: 


The GBF and the MHH invite applications for presentations at a 


Symposium on Experimental and Clinical Infectious 
Disease Research — Challenges and Clinical Applications — 


The German Research Centre of Blotechnology (GBR In Braunschwelg and the Hannover Medical School 
(MHh)}, intend to set up a joint "Centre for Experimental and Clinical Infectious Disease Research" near 

the campus of the Hannover Medical School. The aim of the research centre is to establish itself at the fore- 
front of infectious disease research and become a driving force in the translation of basic research into 

the development of new vaccines and antiinfectives. 


In order to identify suitable candidates as 
Director of Experimental Infectious Disease Research 


Director of Clinical Infectious Disease Research 


a symposium will be organised for the 16" and 17" February, 2006. The symposium will allow candidates 
to present themselves to an intemational advisory board that will support the subsequent recruitment 
process. Both positions are permanent and will involve appointment to a full professorship (W3) at the 
Hannover Medical School. 


Following this symposium, candidates will therefore undergo the standard recruitment procedure for full 
professors as defined by university legislation in Lower Saxony. This procedure involves a formal application, 
an interview before a selection committee, and confirmation by the government of Lower Saxony, 


In addition, there are two openings for the position of 


Head of an Infectious Disease Research Group 
These positions will be at the W2 level (Associate or Junior Professor}. 


Furthermore, the Gentre wishes to set up a junior research group and recruit a 
Head of a Young Investigator Group 
of Infectious Disease Research 


The appropriate candidate should work in the general field of infection research and have a sound 
scientific track record. 


= Experience and interest in interdisciplinary work and translational research are essential. 


Development of a rigorous research program at the interface of basic experimental infectious disease 
research and clinical Infectlology Is expected. 

In particular, candidates with expertise in the following areas are encouraged to apply: genetic susceptibility 
of infectious disease, molecular mycology, infection and cancer, persistent and chronic Infections. 


Additional information about the Centre of Experimental and Clinical Infectious Disease Research is 
available at: www.gbt.de/translation 


Please indicate on your application the position you wish to apply for and include the usual documents 
{CV, publications), along with a brief description (max of 10 pages) of the research programme you 
plan to implement. 


Application deadline: Jan 6", 2006 


Please send your application to either: 
Prof, Dr. Dieter Bitter-Suermann, President 
Hannover Medical School 
Carl-Neuberg-Strasse 1 

30625 Hannover, Germany 


Additional information can be obtained fram 


Prof. Dr. D. Bitter-Suermann 
bitter-suermann.dieter@mh-hannover.de, 
++49 (0)511.532-6000 


Prof. Dr. Rudi Balling, Scientific Director 

German Research Centre of Biotechnology (GBF) 
Mascheroder Weg 1 

38124 Braunschweig, Germany 


Prof. Dr. R. Balling 
balling@gbf.de, 
++49 (0)531.6181-500 


ScienceCareers.org, 


ScienceCareers.org 


St. Jude Children’s 
Research Hospital 


ALSAC + Dunay Thomas, Parades 
Finding cvrcs, Saving cisiidren 


FACULTY POSITION IN HIGH 
THROUGHPUT SCREENING 


The Department of Chemical Biology and Therapeutics at St. Jude Children's Research Hospital invites 
applications for a facully posilion al the level of ASSOCLATE MEMBER or MEMBER. We are specifically sucking 
applicants currently leading established research programs in the development and execution of high throughput enzymatic 


and/or cellular screens tor the discovery of novel small molecules. 


The Department of Chemical Biology and Therapeutics is one of 15 academic departments at St. Jude Children’s Research [[ospital. The 
Department includes laboratories focusing on parallel, medicinal, and analytical chemistry as well as new technologies and disease biology. 

The institute facilitates translational research, and has oulslandimy shared laboratory aud clnical resources thal facilitate collaborauons among 

a highly collegial group of scientists. Extensive opportunities exist for collaboration with both clinically based and basic research programs 


relevant to oncology and infectious disease. 


Appointees will lead a strong program in a multidisciplinary, thematically integrated Department tocused on the discovery and development of small 
wolvcules for perturbing cellular functions - particularly im syslems relevant to pedialic oucology and infectious disvase. Tndividuals will contribule ta 
one or iiore existing and wew programs al the instludon, ieluding the interdisciplinary research prograius of Devclopuicntal Therapcutes for Solid 
Malignancies, [[ematological Malignancies, Infection & [lost Detense, Molecular Oncology, Neurobiology & Brain Tumor, Signal Transduction, 
Transplantation & Gene Therapy, Chemical Biology, or Cancer Prevention & Control. 


St. Jude offers a very competitive package for this position, including a generous startup allowance with newly remodeled space and equipment, laboratory 
Tesourees (as uceded): and supporl posivons. In addidon, appointees have access to a range of institutional core faciliues for protvin and nucleic acid chemistry, 
mucroamay analysis, geue knockout and trausgeme lechnologies, phanuacokinelics, apd 


development of animal models. 


Those interested in joming this inullidisciplinary deparlinent should arange to have their 


CV, a brief prospectus of research interests, and three letters of recommendation sent to: 


R. Kip Guy, Ph.D., Chair 
Department of Chemical Biology and Therapeutics 
St. Jude Children’s Research Hospital 
322 North Lauderdale Street * Memphis, TN 38105 


www.stjude.org 


SUCRE fs cine Affective Arion igant Opportunity Hneplover 


Faculty Position in C. elegans Molecular Genetics 


The Department of Genetics, Cell Biology and Development (GCD) at 
the University of Minnesota is conducting a search for an Assistant or 
Associate Professor using molecular genetic approaches in the nematode 
€2. elegans to study fundamental biological mechanisms. The successful 
candidate will join a core group of active nematode researchers with 
diverse interests mcludimg developmental uming, sexual dillerenuation, 
intercellular communication, nervous system development, cell adhesion, 
and the cellular roles of myosins and the cytoskeleton. The €. efegens 
group has sigmilicant ues to an mterdeparimental Dev clopmental Biolozy 
Center (DBC) thttp:/Avww.med.umm.cdu/dhe/). GCD faculty exploit a 
vanicly of genctic model organisms, including fungi, alvae, flies, zebral- 
ish and mice, GCD is also home to the Intemational C. efegeenms Genetics 
Center. 


The Department of GCD will provide 4 compeuiuve salary and start up 
package, plus excellent laboratory space, with access to state-of-the-art 
core Gacilues, The candidate must have a Ph.D, or M.D. and at Icast two 
years of postdoctoral expenenee. Divesugators studyimg any aspect of C. 
elegans biology will be considered, with use of cutting edge technology, 
micluding genomics approaches, to address a fundamental problem serving 
ws aml Important selecuon eniterion, Emphasis will also be placed on the 
potential for interaction with existing research programs in GCD (http: 
Jyeww.ged.med.umo.edu/) and the DBC. The person selected will be 
expected to develop or expand upon an melependent, externally funded 
research program and participate in the teaching mission of the depart- 
ment. Applicauons will be reviewed, beguuuny December 1. 2005, and 
will be accepted until the position is filled. 


Please send a CV, a bricl statement of current and future research, and 
Unree levers of reference to: GCD C. elegans Faculiy Search. c/o Mary 
Muwahid (muwah001 @umn.edu), University of Minnesota, Depart- 
ment of Genetics, Cell Biology and Development, 6-160 Jackson Hall, 
321 Church Street SE, Minneapolis, MN 55455. 


The University of Minnesota ts an Equal Opportunity Educator and 
Employer 


He MURTY HeNKLSe SEH 


UNIVERSITY OF PITTSBURGH ScHOOL OF MEDICINE 
DEPARTMENT OF OTOLARYNGOLOGY 


Director of Auditory Research 


The Deparunent of Otolaryngology at ihe University of Piusburgh 
School of Medicine is expanding its research initiatives in the area of 
auditory science. Successful candidates possessing a Ph.D. or M.D. 
degree will be expeeted to have established leadership im auditory 
research as well as develop and lead a hearing research program ina 
collaborative environment, through targeted recruitments. Otolaryn- 
gology research Lacully have the vppertumly to participate im several 
graduate programs as well as teach medical students, residents and. 
fellows. Appomtment will be at the Assveiate Professor or Professer 
level im the tenure track commensurate with the qualifications of the 
candidate. Joint appointment in the Departments of Neurobiology or 
Neurescicnee or Psychology and the Center for the Neuronal Basis of 
Cogmiuon will be encouraged, We offer a highly compeutive start-up 
package, academic salary. fringe benefits, and state-of-the-art facilities. 
The University of Pittsburgh provides an cxciting, vibrant, and lughly 
interdisciplinary scientific community. 


Qualified candidates should send a letter of interest and comprehensive 
curriculum vitae to: 
Aenniter R. Grandis, 41.0. 
Professor and Vice Chair for Research 
Department of Otolaryngology 
University of Pittsburgh School of Medicine 
200 Lothrop Street. EEI Suiie 500 
Pittsburgh PA 15213 
boozerd @upme.edu 


the University of Pitshurel is an Affirmative Action, 
Equal Opportunity Employer: 


Dean, College of Science 


Virginia Polytechnic Institute and State University, known as Virginia Tech, invites nominations or expressions of interest for the posi- 
tion of Dean, College of Scicnee. 


Virginia Tech is the senior land grant university in the Connnonwealth of Virginia with 21,627 full-tine undergraduates and 6,352 
eraduate students enrolled both on- and off-campus throughout the state. The university’s strategic plan sets ambitious goals to increase 
Virginia Tech’s stature as one of the nation’s leading research universities. 


About the College of Science: 

The College of Science at Virginia Tech provides students with strong training in analytical skills and a comprehensive foundation in 
the scientific method, Outstanding faculty members conduct research and teach courses in eight disciplines leading to baccalaureate 
and advanced degrees: biological sciences, chemistry, economics, geosciences, mathematics, physics, psychology, and statistics. The 
college also offers academic advising and appropriate preparatory coursework for students interested in pre-medicine, pre-dentistry, 
pre-veterinary medicine, and scientific law. 


In addition to traditional majors, the college offers a graduate degree in macromolecular science and engineering, programs in nano-scale 
science and technology, computational science, and infectious diseases, and supports research centers—in areas such as biomedical 
and public health sciences, macromolecules and interfaces, and critical technology and applied science — that encompass other colleges 
at the university. Allied disciplines emphasize the study of behavioral science as well as economic and strategic decision-making. The 
college is committed to providing research opportunities for interested students at all levels. 


Position Responsibilities: 
Advancing the vision for the college within the university’s and college’s strategic plans: 
Providing entrepreneurial leadership tor the growth and development of academic, research, and outreach programs in the sciences; 
Further enhancing the diversity of the faculty, staft, researchers, and student body: 
Creating a climate, organizational structure, and managerial leadership team that encourage all members of the college community 
to contribute positively and productively to departmental, college, and university goals: 
Developing and maintaining productive relationships with external constituencies—govemment agencies, corporate partners, alumni, 
donors, advisory board members, and others; 
Serving as a vital member of the university's overall leadership team. 


Required Qualifications: 

« Earned doctorate and a distinguished record of scholarly activity that would quality tor rank of professor in an academic department 
in the college: 

« Demonstrated effective communication and mterpersonal skills, ability to work effectively in collaboration with many constituen- 
cies: 

+ Experience in leading or managing a major research prograin; 

« Demonstrated successtul leadership in higher education. 


Desired Qualifications: 
« Appreciation of the mission of a land-grant university: 
Vision and ability to advanee the research agenda of the college and university, with emphases on interdisciplinary and cross-college 
initiatives; 
Ability to recognize and take advantage of rapid changes in the forefront of scienee; 
Demonstrated cffectivencss in planning, administration, and personnel and fiscal management: 
Record of accomplishment in recruitment and retention of outstanding faculty, including women and minority faculty, staff, and 
students: 
Successful experience, or demonstrated potential, in fund-raising, development activities, and collaboration with industry. 


Candidates must complete an application on-line at www.jobs.vt.edu, posting 043179. Attach to the on-line application a letter of 
interest that addresses the responsibilities and qualifications stated above, current curriculum vitae, and the names of three references. 
‘To be assured of full consideration, applications should be received by December 1, 2005. The position will be filled as soon after that 
date as possible. Please sce http://www.provost.vt.edu/Resources.html for helpful information for prospective faculty considering 
employment at Virginia Tech. 


Nominations may be sent to: Dr. Mark McNamee, University Provost and Vice President for Academic Affairs, Virginia Tech, 210 
Burruss Hall, Blacksburg, ¥A 24061, mmcnamee@:vt.edu. 


Individuals with disabilities desinmg accommodations in the application process should contact Suzie Karlin at skarlin@:vt.cdu or 
§41)-231-2350. 


Virginia tech has a strong cominiiment to the princyle of diversity anc, in that spirit, seeks a broad speciruin of candidates including 
women, minorities, and people with disabilifies. Virginia tech is the recipient ofa National Science Mouncdation ADVANCH 
Institutional Transformation Award to increase the participation of women in academic science and engineering careers. 
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Hauptman-Woodward Medical Research Institute 
Research Scientists 
Computational Structural Biology 


The Hauptman-Woodward Medical Research Institute (HWI} is a 
private, not-for-profit organization studying the structures and 
functions of macromolecules of biomedical interest. HW! is part of the 
Buffalo-Niagara Medical Campus, a world-class consortium of 
research, clinical, and educational institutions located in downtown 
Buffalo, NY, USA. HW! is growing and has just occupied a new state- 
of-the art building. 


HW has a strong history in innovative computational methods 
development. To complement and enhance our current research 
efforts, we seek to recruit an additional independent computational 
scientist. We are looking for a structural biologist interested in 
developing methodology or, alternatively, a researcher who will make 
use of structural information to study areas that might include: 
determination of protein folding rules, domain interactions, evolution 
of structure and function and prediction of structure, prediction and 
analysis of protein-protein and protein-ligand interaction, novel protein 
design, molecular modeling including pharmaceutical design, 
biophysical modeling, and bioinformatics-related disciplines. 


This new HW! Research Scientist will be hired at the equivalent of the 
Assistant, Associate, or full Professor level based on his or her 
qualifications. HW scientists also serve as faculty within the 
Department of Structural Biology at the State University of New York 
at Buffalo. 


For detailed information about our current research programs and 
facilities, visit our web site, http:/fwww.hwi.buffalo.edu. Interested 


applicants should submit a curriculum vitae and research plan, and 
they should arrange to have three letters of reference sent to the 
address below. Review of applications will commence immediately. 
To ensure full consideration, applications must be received by 
February 1, 2006. 


George T. DeTitta, Ph.D., Hauptman-Woodward Medical Research 
Institute, 700 Ellicott St., Buffalo, NY 14203-1102 
Email recruitment@hwi.buffalo.edu 


The Heuplinert-Woodweard frisitule is an Equal Opportunily Employer 


Medical College of Georgia 
Department of Physiology 
Faculty Positions in 
Cardiovascular and Renal Physiology 


The Department of Physiology myites applications for three tenure-track 
positions. The rank of the appointment {Assistant ProfessorAssvciatc 
Protessor/Professor) will be commensurate with the qualifications and 
expericnee of the successful candidate, A degree in medicine, yelermary 
medicine or Ph.D. m biological seicnves with postdoctoral research expen- 
ence is required. Successful candidates are expected to establish active 
midependent programs of cxatramurally funded research to complement 
research strengths and goals of the department and the medical college. 
(ur department focuses on questions of cellular signaling, neural regula- 
lion and hormonal control in # broad range of model systems of cardio- 
vascular and renal disease. Successful candidates will receive substantial 
start-up packages and be housed in newly constructed‘renovated facilities. 
There is a strong insutuional commitment tw core facilities, graduate 
programs and an interdisciplinary approach. Applicants are also expected 
to have teaching experience and he committed to teaching students in the 
schools of medicine, allied health scicnees and praduate studies, 
Applicants should submit a curriculum vitae, a statement of research 
mileTests aml career seals and three Ictiers of reference tw: 

Michael W. Brands, Ph.D. 

Search Committee Chair 
Deparimeni of Physiology 
1120 Fifteenth Street 
Medical College of Georgia 
Augusta, Georgia 30912-3000 
For full consideration, applications should be received by December 
31, 2005. 
The Medical College of Georgia is committed to diversity in attracting 
faculty to fal these positions und is wai Affirmative ActionEqual Access 
Institution, 


‘The Department of Molecular Biology and Microbiology at 
ihe Medical School of Tufts University inviies applicants for 
a lenure-irack faculiy posilion in Virology al the rank of Assistant 
Professor. Outstanding applicants at more senior ranks will also 
be considered. The successful candidate is expected to have, or 
to develop a productive and nationally funded research program. 
Applicants with research programs in all areas of humann‘animal 
virglogy and especially in aspecis of molecular virology, emerging 
viral infections, viral pathogenesis. viral immunology and viral 
oncology are encouraged to apply. 


The Department is a highly interactive group of virologists and 
microbiologisis, with research programs in the areas of molecular 
genetics, microbial pathogenesis, pathogen-host interaction, yeasi 
genetics, and retroviruses. liaculty members of the Department also 
parlicipale in graduate programs in Molecular Microbiology, Genet- 
ics. Biochemistry and Immunology. Applicants must have a Ph.D. 
or M.D. deerce or equivalent and are expected to contribute to the 
leaching of medical, denial, and graduate students. Laboratory space 
will be in the recently opened Jaharis family Center for Biomedical 
and Nuintion Sciences on the Boston Health Sciences campus. 


Applicants should submit a curriculum vitae, statement of research 
inierests and future plans, and names of three references to: Dr. 
John Coftin, Chair, Virology Search Comunittee, Department 
of Molecular Biology aud Microbiology, ‘lufts University, 136 
Harrison Avenue, Boston, MA 02111. Fleciromic submission of 
applications is preferred (c-mail: lauralyu.sinith@itufts.edu). 
Review of applications will commence upon tecespt and will con- 
imue until the posilion is filed. 


Tufts University is committed to Affirmative Action, Rguat 
Opporinuniiy aid the diversity of its workforce. information is 
available ai hitp:Avww.tufts.edu/sackter/, 


BCM 


Baylor College of Medicine 


TENURED/TENURE TRACK FACULTY POSITIONS IN 
GENETICS AND GENETIC INSTABILITY 
Department of Molecular and Human Genetics 
Baylor College of Medicine (BCM) seeks nominations and applications 
for lenuted ‘tenure-track facully positions al any level in the Departinent of 
Molecular and Auman Geneties a world leader m genehe research. Ad least one 
position will be filled in the area of genetic‘genomiic instability (with possible 
sevondary appomlinent lo the BOM Cancer Center, http://www. bem edu! 
cancercenter!) and al least one position in any aspect of genclies. The depart- 
ment is composed of more than 44} primary taculty members whose research 
interests mhelude genomes, mammalian development, he metabolic and genetic 
bases for inherited human disease, gene therapy, gene slructure and expression, 
mechanisms of DNA replication and repair, mutation. DNA recombination, 
genetic instability and cancer, cylogenclics, behavioral genedies, biom formalics, 
and the biology ofagmg. Departmental research includes strengths m human, 
bacterial. mouse, yeast, Drosophila and Dictyostelium genetics, The department 
currently tanks first, by a wide margin, tn number of NTA grants and fist tn 
overall NTA funding in gonebes departments al US medical schools. See hip: 

ffayww.imgen.bem.ome.cdu/‘molgen/, 
Successful candidates will have strong basic research programs, fo one 
fosilion tn genelic‘genomic mslabilily, including but not limited lo DNA 
repair, mutation. replication. genome rearrangement. DNA damage response, 
of cancer sludied in any organism, and for another posilion tn any aspect of 
genelies meluding mouse genedies or the genchies of any model organism. A 
search in human genetics will be posted separately. Generous start-up support 
ts available. 
Letlers of nommaton or curricula vilarum should be sent wilh a brie! sum- 
mary of research plans, and names, addresses. and phone numbers of at least 
three references lo: Susan M Rasenherg, Ph.D., Chair of Search Cammil- 
tee, Deparimeni of Molecular and Human (renetics, Baylor Callege of 
Medicine, MSC-BCM225, One Baylor Plaza, Houston, TX, 77030-3411; 
F-mail: smr@bem.ime.edu. 
Bavior College of Medicine is an Equal Opportunity. Affirmative Action and 
Lqual decess Emploves: 


’ tad 
Assistant Dean for Science: 
Callege of Arts and Sciences 

Responsible for oversight of che activicies of the 
Marine and Natural Science building and several col- 
lege-wide administrative functions, such as overseeing 
bath the Human and Animal Subjecc Review Boards. 
The Assistant Dean facilitates grants, from writing to 
Past-granc management, and encaurages faculcy and 
faculoy/studenc research acrass the College. Warks 
with faculty and department chairs in the Division of 
Marine and Natural Sciences on day-ta-day proce- 
dures and special assignments. Serves on academic 
committees and offers programming and academic 
leadership in relatian ta bath majors and che core 
science requirement. Additional responsibilities 
include serving as a liaisan ta aucside agencies. 


PhD in Bialogy. Marine Biology Chemistry, ar 
Environmental Science, 6-9 years experience as a 
faculcy member wich qualificacians equal co che rank 
of Assiscanv/Assaciace professor and ac lease 3 years 
experience in an administrative position such as 
department chair are required. Experience in success- 
ful grant writing, grant management, and scientific 
research and safety procedures is preferred, 
Candidates shauld demonstrate initiative to praac- 
tively identify problems and opportunities and be able 
to cammic to the University missian and objectives 
Interesced applicants shauld send caver leccer 

and resume to Roger Williams University, 

One Old Ferry Rd, Bristol, RI 92809 or 
human_rescurces@rwu.edu indicating Ref. # 
SM05-113. Roger Willictns University is an Equal 
Opportunity! Amenicons with Disabilities Act Employer 
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Natural 
Resources 
Defense 


NRDC sce 
Science Center 
THE Eastu’s Rest Derense 


The Natural Resources Defense Council 
{NRNC), a leading environmental advocacy 
OTPAIUZUON, aMNEUNees an vpemimy in its 
Science Center, whose mission is to increase 
the role of technical information and scientific 
pnneciples in enviromucnial and public heal 
decision-making. 


We currently seck a Deputy Director for the 
Center in Washington, D.C, to provide techmi- 
cal capacity in one area of scientitic expertise, 
roams: Wwelueal resource needs across the 
organization, interact with the scientific com- 
munity on policy issues, and supervise a group 
ofrolating Scicnee Fellows, Candidates must 
have a Ph.D. or equivalent in a relevant field 
and! years of experience applying technical 
information to policy decision-making. 


We offer salary commensurate with experi- 
ence, an excellent benclits package, and a 
pleasant work cnyironment, Please email 
resume, writing sample, and letter of interest 
lo: br_de@urde.org. Or, send materials to: 
Monique Waples, NRDC, 1200 New York 
Ave, Ste 400, Washington, DC 20005. 


To leam more about NRDC, visit: 
www nrde.org 


EOE. 


Richmond, Virginia 


Dean, School of Engineering 


Vv. Cammonwealth University seeks a dean for its school of engineering and invites 
nominations and expressions of interest 


Bom in Richmond in 1837, Virginia Commonwealth University has grown to became one 
of the two largest institutions of higher education in Virginia, an urban institution with a 
clear focus on the life sciences, building on its origins and the strength of its academic medical 
center and the faculty in the rest of the University whose strengths complement it. The student 
body of over 29,000 includes 18,000 undergraduates. YCU is a Carnegie Doctoral/Research 
University - Extensive, attracting over $200 million annually in research funding. Twenty of YCU's 
graduate and professional programs are ranked by U.S. News and World Report as among the 
best in the nation, with two ranked first in the country. 


The University includes two campuses in Richmond - the Monroe Park Campus and the Medical 
College of Virginia Campus - as well as a design arts campus in Doha, Qatar, and a second 
medical campus in Northern Virginia. The University and the ¥VCU Health System, which includes 
the MCV Hospitals - ranked in the top 100 U.S. hospitals - have a combined annual budget of $1.6 
billion. ¥YCU and the ¥YCU Health System employ more than 15,000 faculty and staff, and the 
University has more than 120,000 alumni. The University is closely affiliated with the Virginia 
Biotechnology Research Park, located adjacent to the VCU Medical Center. YCU has been 
recognized as 4 national leader for tts local and state-wide economic development activities, and 
for its commitment as 4 community partner. 


The school of engineering was founded nine years ago at the urging of the business community 
to meet employment needs. Through its foundation, the business community itself built a S48 
million building to house the school and the Virginia Microelectronics Research Center. The 
foundation has received more than S60 million against a $74.3 million campaign goal from the 
business and industrial community and from alumni. It is now adding two new buildings. The 
board of the foundation has urged that the school of engineering rank in the top 25 in 25 years: 
it is clearly prepared to invest to make that happen. 


The curriculum of the school is deliberately one of engineering for the future, in particular 
focusing on biologically- and medically-related engineering and nanotechnology. building on 
strong linkages with the University's comprehensive academic medical center and the basic 
sciences. The school's five departments - biomedical engineering, chemical and life science 
engineering, electrical and computer engineering, mechanical engineering, and computer 
science - offer undergraduate and graduate degrees; there is a doctorate in biomedical 
engineering, and a doctorate in engineering with tracks in mechanical, chemical and life science, 
and computer engineering. At present there are nearly 1,000 undergraduate students in the 
school, including 250 freshmen, and approximately 200 graduate students. The faculty of 45 are 
teachers, scholars and active participants in the community: they last year attracted $4.4 million 
in external funding. At present, the school's budget is $9 million, including $7 million for salaries 
and $1 million for graduate student support. 


Reporting to the Provost and Vice President for Academic Affairs. the new dean will have 
responsibility for providing vision and leadership in academic, research, and fund development 
activities for one of the newest and fastest-growing engineering schools in the country. The dean 
will take the lead in shaping the future of the school, articulating a vision that defines its standard 
of excellence, the directions of its growth and the new and multi-disciplinary connections that are 
Possible across the University. Significant enrollment growth will require balancing high 
expectations for student academic performance with assuring access for those with potential. 
Enrollment growth also means growth of the faculty, focusing not only on excellent teachers but 
also research: extemally funded research will expand significantly. With the faculty, the dean will 
be responsible for the recruitment and retention of the faculty, extending a high standard of 
excellence, and new programmatic directions. The dean will also extend the partnerships with 
the private sector, expanding connections with industry in support of economic development of 
the Commonwealth. 


The dean will be responsible for management of the resources of the school, including its 
academic programs; its faculty, staff, and students; its facilities, and its budget. The dean will 
actively support the University's advancement initiatives, leading that effort within the school 
and among its constituents. The dean will also assure continued focus on the students, providing 
the services and the support to ensure their success, The dean will be part of the senior 
leadership of the University, working with other senior officers and deans to realize the 
University's promising and challenging future. 


The search process is currently underway and will continue until the position is filled. 
Nominations are welcome as are confidential inquiries. Please send a letter of interest and 
curriculum vitae electronically to Mary Elizabeth Taylor, the WittKieffer consultant supporting this 
search, at (212) 686-2676 or vcueng @wittkieffer.cam. Virginia Commonwealth University is an 
affirmative action‘equal opportunity employer, building strength through diversity. 


WITT / KIEFFER 
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WANT TO PLUG THE POWER 
OF SCIENCE INTO PUBLIC POLICY? 


Become a AAAS Science & Technology Policy Fellow. 


What better way to connect your scientific 


expertise to serve society? Yearlong 
fellowships offer career-advancing 
opportunities to work with Congress 

or a federal agency in one of six thematic 
areas: Congressional ¢ Diplomacy 

* National & Global Security * Health, 
Education, & Human Services * Energy, 
Environment, & Natural Resources 

* Revelle Global Stewardship. 

Stipends begin at $64,000. 


Work in Dynamic Washington D.C. 

What better place to apply your expertise 
to the decision-making process that 
affects people everywhere? You can 
focus your experience on your interests 
in national or international issues while 
you add valuable new perspective to 
your scientific training. 


Enhancing Public Policy, Advancing Science Careers 
www.fellowships.aaas.org 


Join a Network of 1,700 Fellows. 
Applicants must have a PhD or equivalent 
doctoral-level degree from any physical, 
biological, medical, or social science, or 
any engineering discipline. Individuals 
with a master’s degree in engineering and 
at least three years of post-degree profes- 
sional experience also may apply. U.S. 
citizenship is required and federal 
employees are not eligible. Since 1973, 
AAAS Fellows have benefited from a grow- 
ing and diverse network of colleagues. 


Apply for 2006-07 Fellowships by 

10 January 2006. 

Fellowships are awarded in the spring 
and begin 1 September with a two-week 
orientation. To apply, contact AAAS: 
Phone 202-326-6700 

E-mail _ fellowships@aaas.org 
Website www.fellowships.aaas.org 


Eureka! You’ve found the perfect 
cannection between science and policy. 


AV AAAS 


ADVANCING SCILNCL, SLRYING SOCILIY 


Vacancies for one Experienced 
Researcher & one Early-stage 
Researcher European Community 
— Marie Curie Excellence Team - 
Molecular & Cellular Biology of 
Primary Immune Deficiencies — 
Host Laboratory: INSERM U563, 
Toulouse, France — Starting date: 
February 2006 


Two fellowships funded by the European 
Community are available to join a pew Marie 
Curie Taxcellence Team at INSERM 17563, 
Purpan University Hospital, Toulouse, Trance 

The major area of expertise of the Team 
Leader 7.. DUPRE) is the characterization of 
molecular mechanisms that. tegulate human T 
lymphocyte activation (Immunity 2002, 17; 157: 
N. Engl. J. Med. 2004,351:1419 , Blood 
2005, 108:4383). The objective of the Team is 
to study the molecular detects of cytotoxic T 
lymphocytes isolated trom patients atfected by 
life-threatening primary immune deficiencies. 
This project at the tmterface bebween fundamen- 
taland clinical research will be Lostrumental for 
the development of gene therapy approaches. 

The Team benefits from 4 stintulating enwi- 
ronment in the tields of T lymphocyte biology 
aod ¢linical immunology aod bas established 
rong collaborative links. 

The Experienced Researcher (PhD, 4-10 
years post graduate experience) will bein charge 
of conducting biochemical caperiments Lo iden- 
Lify proteins invelved in the regulation of cyto- 
toxic T lymphocyte activation and function, 
The precise tole of selected proteims will be 
Sludied using gene transfer technology and live 
microscopy (already in place). A scientist with 
expertise in protein chemistry (mass 
spectrometry and bieinformatics) will be se- 
lected. Experience in molecular/cellular immu- 
nology will be a plus. 

The Early-stage Researcher (0+4 ycars post 
graduate experince with motivation to enter 4 
PhD program) will construct retroviral vectors 
chceding proteins involved in the regulation of 
cylotasic T lymphoogic activation and func- 
tion, The researcher will be in charge of the gene 
transfer experiments in Lymphocytes isolated 
from patients with defective cytotoxic function, 
The candidate should have experience in mo- 
lecular biology and cellular immunology. 


PROFILE OF THE CANDIDATES: 
Sucecesstul candidates will be enthusiastic, 
highly motivated and have a strong 
Tfopensily 10 work in a transnational team. 
Plicney in English is required. No nationality 
restriction applies. Equal opportunity will be 
given for women and men. 

CONTRACTS: 

Four-year tull-employment contracts including 
living, travel and mobility allowances. 
Competitive Salaries. 

APPLICATIONS: 

Please include CY, statement of interests & 
future coals, as well as names of two referees. 
CONTACT & INFORMATION 
REQUESTS: 

T.. DUPRE, E-mail: |dupre@ hse. it 
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FORSCHUNGSZENTRUM OSSIETZKY 
IN DER HELMHOLTz-cemeinscHart UNiversitat|OLDENBURG 


Unternehmen GroBforschung 


Grundlagen fiir morgen 


The GKSS Research Centre in Geesthacht near Hamburg is a member of the 
Hermann von Helmholtz Association of National Research Centres and has a 
branch institute in Teltow near Berlin. Its 700 employees cooperate with various 
universities and industrial firms to conduct research and development work in 
the areas of coastal research, advanced engineering materials, regenerative 
medicine, and structure research with neutrons and synchrotron radiation. 


In a joint appointment process with the University of Oldenburg, GKSS is secking 
to fill the vacant position of Director of the Department of Data Analysis and 
Data Assimilation in the System Analysis and Modelling section (Prof. von 
Storch) of the Institute for Coastal Research at GKSS. The position is based in 
Geesthacht. 


Associated with the position is a 


Professorship (W2) 


in the Faculty of Mathematics and Natural Sciences at the University of 
Oldenburg in the ficld of coastal rescarch of the Institute for Chemistry and 
Biology of the Marine Environment (ICBM), with the obligation to teach sub- 
jects relevant to the ICBM for 2 hours per week during term. 


One of the kcy areas of expertise at the GKSS Institute for Coastal Research is 
the development of methods for environmental monitoring and forecasting. In 
this field, one of GKSS' main strengths is the observation and modelling of cur- 
rents and sca conditions. GKSS has been successfully cooperating with the 
ICBM for many years on the observation, modelling and analysis of physical, 
chemical and ecological processes in tidal flats. In this area, GKSS has a long 
history of developing and testing operational methods for remote observation 
and the creation of complex models. 


At GKSS, the appointee is expected to contribute his/her expertise to the pro- 
gramme titled “Coastal Change: Long-term Trends and Extreme Events", and 
in particular to topics rclated to currents and sca. conditions. A special focus 
here is the development of observation and modelling methods for operational 
use in coastal waters. The appointee will conduct research that is closely linked 
to the ICBM programme in Oldenburg as well as to the Marine, Coastal and 
Polar Research programme in Geesthacht. 


Applicants are required to have a university degree in mathematics, physics or 
another discipline suited to the professorship in question. They should also have 
earned a doctorate and a postdoctoral degree or possess.comparable academ- 
ic qualifications. 


The University of Oldenburg and GKSS wish to increase the number of female 
scicntists in leadership positions. Female researchers are therefore particularly 
encouraged to apply. Preference will be given to severely disabled applicants 
with the appropriate qualifications. 


For additional information, please contact Prof. Hans ven Storch (storch@gkss.de) 
or Prof. Jorg-Olaf Wolff (wolff@icbm.de). 


The deadline for applications is 23. December 2005. Pleasc submit written 
applications along with the usual documents {including a description of your 
scientific career and teaching experience, a list of publications and copies of 
your three most important publications) to: 


Carl-von-Ossietzky Universitat Oldenburg 
Dekanat Fakultat V 
Postfach 2053 * 26111 Oldenburg * Germany 
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BIOLOGY FACULTY POSILIONS 

The Department of Biological Sciences ar VFayne 
State University has three tenmre track openings for 
new Faculty. Rank will be dependent upon qualifica- 
tions. Preference will be given to candidates who 
utilize state of the art approaches ta study complex 
hidlogical problems with the potential to integrate 
their research programs with existing muutidis 
ciplinary research groups. 

Teology/organisinal biology. Areas of interest 
include, but are not limited to, aquatic ecclagy, be 
havieral ccalagy, evolutionary ccclogy, microbial 
ecology, phylobiogeography, organisinal biclogy 
and population ecology. Pasition Number 032336. 

Microbiology. Areas of interest include, but are not 
limited to, molecular microbiology, medical micro- 
biclagy, microbial genomics, bioinformatics, micre 
bial physiology /biochemistry, virology, biodefense, 
emerging discases, ding development and antibiatic 
resistance. Position Number 032324, 

Biocheristry. Areas of interest mclude, but are not 
limited to, structure function relationships, protein 


and/or nucleic acid biochemistry, molecular basis of 


metabolic diseases and design /synthesis of therapeu- 
tics, Position Number 022323, 

The Department is primarily housed in the six-story 
Biological Sciences Building that contains madern, 
spacicnts research laboratorics and outstanding facili 
ties for microscopic imaging, cell culture and nucleic 
acid analyses, Vertebrate and invertebrate animal 
facilities are also available. Warne State University is 
a large, comprehensive, nationally ranked) research 
institmtion that offers generous starmp packages. 
Applicants must have a PhD. deyree, postdoctoral 
expericnec, and an cntstanding record af research 
achievement. Snecessfid applicants are expected te 
establish and maintain vigorous, externally funded 
research programs and participate in graduate and 
undergraduate education. Applications wall be con- 
sidered only if they are received online at website: 
http: //jobs.wayne.edu. Applicants nist indicate 
the position(s) for which they are applying by 
marking the corresponding Position Nummberi is]. In 
addition to their online applications that inchide 
curriculum vitae and cover letter, applicants must 
submit a statement of research plans along, with a 
statement of teaching interests and philosaphy, and 
have three letters of reference sent to: Chair, Faculry 
Search Committee, Department of Biological 
Sciences, Wayne Strate University, 5047 Gullen 
Mall, Detroit, MT 48202. Review of appheations 
will begin immediately and the search will remain 
open unti] the positions have been filled. Applica- 
tions will be considered only when all materials have 
been received. Mayne State Criverstiy ts an Affirmative 
ions Ege! Ouportunity Reaploy 
grows ate especially encosrageit ie apply. 


FACULTY POSITION in endocrinology and 
inetabolism. The University of California, San Diego 
(WSC) School of Medicine, is actively recruiting 
a tenure track/tenured Juniar Faculty Position in 
the Division of Endocrinology and Metabolism. Will 
consider cither M.D, or M.D. /Ph.D. candidates, Ap 
poinnnent devel will be commensurate with experi- 
ence and qualifications and compensation is based on 
established UCSD salary scales. Candidates should 
be able to develops: an independent basic or clinical 
research program within the general field of endo 
crinclogy and metabolism, Clinical and teaching, 
activities in the Division will be expected. Demon- 
strated productivity in basic or clinical research is re 
quired and current research support desirable but not 
mandatory. Must be board certified /eligible in endo- 


crinolagy and metabolism and cligible for a state of 


California medical license. Review of applications 
will begin December 1, 2006, and wall continue until 
position is filled. Apply to: Jerrold M. Olefsky, 
M.1., sending application materials to the attention 
at; Betsy Hansen, University of California, School 
of Medicine, Division of Endocrinology and Me 
tabolism, 9500 Gilman Drive, MC-0673, La Jolla, 
CA 92093 0573, Aginmaiire AaionLigual Onporisitiy 
Fanply per. 
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POSITIONS OPEN 


ASSISTANT /ASSOCIATE PROFESSOR 
Behavioral Neuropharmacology 


The Department of Phannacology, University of 


Yennessee (U1) Health Science Center, invites 
applications for a tenure track Assistant/Associate 
professor position in the area of behavioral neuro- 
pharmacalagy, We seck a faculty member wha will be 
a major contributor ta the UT Center of Excellence 
in the Neurobiology of Train Diseases. The faculry 
member will direct an independent program in an 
aspect of psychophannacology or drug abuse. Tdeal 
candidates will be those who employ an integrative, 

mechanistic approach, utilizing ncurachemical, mo 

lecular or electrophysiological techniques to comple- 
ment their behavioral research. Candidates whe will 
administer a care animal behavior laboratcry will re 

ceive additional consideration. Candidates should be 
enthusiastic about cngaging in collaborative research 
within a highly interactive community of neuro- 
scientists. The selected candidate will participare in 
the teaching of graduate and professicnal stdents. 
Appheants should have a doctorate in pharmacology, 
nenrescience, experimental psycholagy ar a related 
discipline, and relevant postdoctoral cxpericnce. 
Appheations wall be reviewed beginning December 
1, 2003, but will continue te be accepted until the 
position is filled. 
research interests, and three reference letters should 
be sent te: 

Jettery D. Steketee, Ph.D., Behavioral 
Neuropharmacology Search Committee 
Department of Pharmacology, 
University of Tennessee TTcalth Science Center 
874 Union Avenue, Memphis, IN 38163 
E-mail: Semen: eae 
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VERTEBRATE PITYSIOLOGIST: Lycoming 
College. he Department of Biclagy invites appli 
cations for a tenure-track ASSISTANT PROFES- 
SOR for fall 2006. We seek an Animal Physiologist 
with expertise in terrestrial vertebrate studies. ‘leach 
ing responsibilities include courses in human phys- 
jology, vertebrate zcology, a contribution te cur 
introductory biglogy sequence, and an upper-level 
course in the area of expertise. Successful candi- 
dates must have a Ph.D. plus a strong commitment 
ta teaching and involving undergraduates in’ re- 
search. Please visit the Department website: http: ff 
www.lycoming.edu/biology/ for more infor 
mation. Submit a letter of application, curriculum 
vitac, transcripts, a statement of teaching, philoso 
phy and a statement of research interests, and three 
letters of reference by December 16, 2005, ro: Dr. 
Michelle Briggs, Chair, Biology Department, 
Lycoming College, Campus Box 152, 700 Cal- 
lege Place, Williamsport, PA 17701. Fquat Qppor- 


iailiy Limployer, 


‘Lhe lnterdisciplinary Department of 'lextile Engi 
neering, Chemistry and Science at North Carolina 
State University invites applications for TENURE- 
TRACK POSITIONS in the areas af (1) fiber, 
polymer or materials cnginecring, and (2) the arcas 
of modeling, simulation, and quality systems design. 
‘The positions ate at the Assistant Professor level, 
but appropriate candidates may qualify for a named 
professorship. For a complete description of the va- 
cant pasitions please sce website: http://www. tx. 


nesu.cdy /departments/tecs/positions. Review of 


applications begins November 30, 2003, and can 
tinues until the positions are filled. Ajfinnaitive 
3 tunity Rmploper. North Caroline State 
i persons udinait regard ia seccital 


orinttatint. 


Curriculum vitae, statement of 


POSITIO OPEN 


Fresne State, Department of Biclagy, is searching, 
for wo ASSISTANT PROFESSOR POSITIONS. 
Lior full comsideration, all materials must be received 
by January 20, 2006. 

(1) Cell Biologist, tenure-track. The successful ap- 
plicant’s expertise will be in signal transduction, cell 
evele, cancer cell biclagy, developmental ar stem cell 
higlogy, cellular motility, or membrane biology. The 
successful applicant is expected te establish an cx 
ternally funded research program involving Master’s 
and undergraduate students and to teach courses in 
our core and in his/her area of specialization. A 
PH.D. in cell biology or a closely related field is re- 
quired. Pastdoctoral experience preferred. Send a 
letter of application (cover letter, online application 
form, curviculunn vitae, statement of research inter- 
ests and teaching philosaphy, and three letters af 
reference}, and confidential papers to: Dr. Alejandro 
Caldcrén-Utrea, Department of Biology, Cali- 
fornia State University, Fresno, 2555 E. San 
Ramon Avenue M/S §B73, Fresno CA 93740, or 
tc. e mail: calalea@csufresno.edu. Telephone: 559 
278 4080, Fax: 559 278 3963, 

(2) Vertebrare Physiologist /Neurobiologist, tenure- 

track. he swecessfidl applicant’s expertise will be in 
any area of neuroscience, and will be expected to 
teach a course in neurophysiology, and a graduate 
cenirse in their areas of specialty, Lhe successful can 
didate must develop a research program that involves 
undergraduate and Master’s level students, and pur 
sue the external funding, necessary to maintaining, a 
successful research effort. An eared doctorate (Ph.D) 
in biology, zaclagy, physiology or newabiclogy is 
required for appointment to a tenure-ny ack position. 
Postdoctoral experience preferred. Send a letter of ap- 
plication fcover letter, online application fem, curric 
ulum vitae, statement of research interest and teaching, 
philosophy, and three letters of reference}, and con- 
fidential papers te; Dr. Brian ‘sukimura (e mail: 
BrianT@CSUPresno.cdu), Department of Biology 
M/S S$B73, California State University, Fresno, 
2555 E. San Ramon Avenuc M/S SB73, Fresno, 
CA 93740. Telephone: 559-278-4244. Fax: 559- 
278 3963, 
fornia State Wivenity, Frew, is at Fyne! Opportu- 
: Linployer 


ASSISTANT/ASSOCIATE PROFESSOR 
Neuroscience, Department of Physiolagy 
College of Medicine 

We invite applications for a tenure-track position at 
the level of Assistant ar Associate Professor. Candi 
dates must have a PhD. or MLD. and postdoctoral 
experience. He or she must have dememstrated cx 
cellence in research in regulatory and integrativ 
physiglogy wath particular ‘emph sis on neural sys 
tems or plasticity, ‘Lhe successful applicant will ‘be 
expected tc join the Nenral Systems and Plasticity 
Research Group and to develop a strong externally 
finded research program. Acampctitive startup pack 
age is available. The successful candidate will be en- 
couraged to submit an application to the Canadian 
Hcundation cof Innovation (CF1). She or he will 
contnbute to the teaching of undergraduate students, 
within the prapesed Schocl of Biomedical Sciences 
and to the supervision cf graduate snidents. 

Please send curriculum vitae and the names of 
three references by January 15, 2006, to: 

Dr. Wolfgang Walz 
Head of Physiology 
College of Medicine 
University of Saskatchewan 
107 Wiggins Road 
Saskatoon SK §7N 5E5 Canada 
E-mail: walz@sask.usask.ca 
Fax: 306 966 6532 

The Tiuiverity of Sackatchewars te initted to Fraploy- 
wert wiiy. Ateubers froMDS 
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THE STATE UNIVERSITY OF NEW JERSEY 


RUTGERS 


Professor and Chair of Nutritional Sciences 


The Deparunent of Nuttional Seicnees of Rutgers Uimversity secks 4 renowned scientist to chair and build the deparunent to a level of micmational 
prominence. To make a significant impact on human health, Rutgers has targeted nutrition and its health consequences as a principal area for programmatic 
stowth, The successful candidate will take a leadership rele through the reeruitment of new faculty, the development of major new Laciliues, and the 
fostenng of muludiserplinary research and tammy programs, Nututional Seienecs is located at Cook College, Ruusers’ school of food and cnyvirenmental 
sciences and site of its ].and Grant mission and activities, and there are ongoing collaborations with other Cook departments including Animal Sciences, 
Plant Biology and Pathology, Food Seienee, and Bioteclnvlogy, Numiuonal Sciences is also part ofa vibrant life seicnees rescarch commuoly at Rutgers 
University, including major programs mi structural bivlugy, molecular, ecllular and developmental biology, neuroscience, the Stem Cell Insutute of New 
Jersey, the Cancer Institute of New Jersey, the Center for Advanced Biotechnology and Medicine, the Center of Alcohol Studies, the :nvironmental and 
Occupational Health Sciences Institute, the Human Geneues Institue, The School of Public Health, and the Rebert Wood Johnsen Medical School. The 
campus is located im central New Jersey, close to New York City, Philadelphia, beaches, and countryside, 

The Nutritional Sciences Department has 17 full-time faculty members involved in undergraduate, graduate, and outreach programs. The faculty's 
research arcas melude lipid metabolism, calcium and bene development, enerzy capenditure and obesity, amine acid metabolism, child nuinition, com- 
munity nutrition, and health promotion (http://nutrition.rutgers.cdu/). The successful candidate will strengthen and extend the department's research 
areas m1 health and clinical ficlds mvolving the cuology, prevention, and treatment of nutmuen-telated diseases, meluding obesity, diabetes, CVD, cancer 
and osicoporosis. The successful candidate will direet the Nutmuenal Sciences Department, direet the department’s research and cducational programs, 
and oversee faculty mentoring. 

Qualifications: The successful candidate must have a Ph.D. and/or M.D. or their equivalent and a record of distinguished rescareh and scientific leadership. 
The successful candidate should have strong interpersonal skills and a sustained record of peer-reviewed publications and research finding. The successful 
candidate will he provided with a highly competitive salary, significant start-up support and laboratory space, and substantial administrative support. This 
is a lenure track position, 

Inquiries and nominations should goto Dr. Michacl A. Gallo, Professor, Environmental and Occupational Medicine, Robert Wood Johnson Medical 
School. 170 Frelinghuysen Rd., Piscataway, NJ, 08854 { magallo@eohsirulgers.edu). 

A letter of application, curriculum vitae, names of four or more professional references, and a statement of research and leadership ohjectives should he 
sent by electronic or regular mail lo Ms. Phyllis Lepucki, Rm 004, Martin Hall, 88 Lipman Drive. Cook College, Rutgers. The Stale Cuiversity of 
New Jersey. New Brunswick, NJ 08901 (lepucki@:aesop.ruigers.edu), Arevicw of applicauions will bevin on February 15, 2006 and contimue until a 


suitable candidate is identified. Starting date is negotiable, on or atter July 1, 2006. 


Rutgers University is un Equcl Opportunitv:dffrmative Action Employer. 


Assistant or Associate 
Professor of Neurobiology 


Developmental Neurobiology 
Program 
Institute of Molecular Medicine 
and Genetics 
Medical College of Georgia 


The Medical College of Georgia (MCG) 
invites applications for tenure-track Assis- 
tant or Associate Professor positions in the 
Program im Developmental Neurebielory, 
Institute of Molecular Medicine and ¢ienet- 
ics. Candidates should have PhD or MD, 
postdoctoral experience, and potenual to 
develop or maintain a strong extramurally 
funded research program im deveclupmenial 
or TegeneTalive neurobiology, The MCG 
is a growing state supported academic 
medical center located in # historic cily 
with outstanding recreational and hfestyle 
opportunities. 


Interested applicants should submit a C¥, a 
statement of research interests, and future 
Plans, and should arrange for 3 Ictlers of 
reference to: Dr. Lin Mei, C/O Kathleen 
Murphree (kmurphreei@imeg.cdu). Appli- 
cations will be received unul the pousiuon is 
filled Please reference ACII#'s 49384 andor 
49385 when applying. (POS 1tKM}75872) 


WIVIFAD - BROSAA 


MULTIPLE FACULTY POSITIONS 
UNIVERSITY OF CALIFORNIA, RIVERSIDE 
BOURNS COLLEGE OF ENGINEERING 


The Bourns College of Engineering at the University of California, Riverside invites applications for 
tenure-track or tenured faculty positions at the Agsistant, Associate, or Professor Rank. The College 
is secking highly qualified faculty members in the arcas of Bioengineering, Chemical Engineering, 
Computer Engineering, Computer Science, Flectrical Engineering, Environmental Engineering, Mate- 
tial Science and Engineering, and Mechanical Engineering. Specific areas of interest are provided at 
www.cneruercdwtacultyscarch’. People with vigorous research programs and demonstrated graduate 
student productivity are strongly encouraged lo apply for the senior rank. Applicants should have a 
doctoral degree in the relevan! engineering discipline or a related field; those with a bachelor’s degree 
in engineering are preferred. Salary level will be competilive and commensurate with qualifications 
and expetienes. 
We anlicipate that he successful applicant will complement the bighly mouvated and entrepreneurial 
spirit of the College faculty. contibuting meaningfully to the success of future leaching, research. und 
service accomplishments. Facully research aclivilies are essential lo the suecess of our program and as 
such new members are expecied lo iniliate and sustain strong sponsored researeh and graduate training 
programs. 
‘The Bouns College of Engineering is proud of is faculty's accomplishments and rapid growth, Over the 
past five yeurs. lhe numbers of faculty and undergraduates have nearly doubled: graduate student enroll- 
ment his increased six-fold, and research expenditures have more than tripled. The College currently has 
70 faculty members, 1400 undergraduates, more than 300 graduate students, and more than $30 million in 
annual research expenditures. The College is home to five interdiaciplinary and multidiseiplinary research 
centers: The Center for Environmental Research and Technology (CE-CiRT), the Center for Research 
in Tateligent Systems (CRIS), the Center for Nanoscale Science and Engineering (CNSE), the Center 
for Bioengineering, and the Network Embedded Computing Systems Institute (NECST. 
The College recently opened its Engineering TT buikling as well as the Bourns Mall Clean Room facility 
(part of CNSE), and is expecting the opening of nwo additional buildings, Material Setence and Engi- 
neering, and Engineering TIT in 2008 and 2011, respectively. 
The search committee will begin reviewing applications on January 1, 2006, and will continue to 
receive applications until the positions are filled. To apply please register through the weblink at 
www.engr.ucr.edu/facultysearch/ and submit the requested PDT or Word files (cover letter, curriculum 
¥itac, statements of research and teaching interests, and reference contact information). Tor inquiries 
and questions. please contac! us at facultysearch@engr.ucr.edu, 

The University of California, Riverside is un gral Opportunity! fiirmative Action Fanployer 
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POSITIONS OPEN 


ASSOCIATE PROFESSOR / PROFESSOR 
Cardiovascular Rescarch 

We are secking an established investigator with cntt 
standing research accomplishments to complement 
and extend the cardiovascular research strengths in 
our Deparnnent and our Institution. Medical College 
of Georgia has a strong cardiovascular research 
community with specific interests in nitric oxide, 
oxidative stress, eicosanoids, signal transduction, 
hypertension, endothelial dysfunction, angiogenesis, 
adhesion proteins, ion channels, myccardial disease, 
diabetes, and development of physical cardiovascular 


risk facteurs. We seck applicants with a strong recard of 


productivity and an extramurally finded research 
program, particularly a program involved in contro] 
af vascular growth and cardicvascular dysfunctions. 
Physician scientists are encouraged to apply. We offer 
a gcnerous startup package and cnttstanding, cee 
facilities are available for microarray technolagy. 
genetically modified annnals, cell imaging, electron 
mMicrascap¥, primate research, and clinical collaba 
rations. ‘Lhe successful applicant for this pesition will 
also participate in teaching, programs for professional 
and graduate students, Please send curriculum vitac, 
summary of professional and research goals, and the 
names and addresses of three yeferences to: R. 
William Caldwell, Ph.D., Department of Phar 


macology and Toxicology, Medical College of 


Georgia, Augusta, GA 30912 2300. 5 mail: 
wealdwel@mailimcg.edu and visit the Department 
homepage website: http://www wemeg.cdu/ SOM/ 
phuntox/index.html. Application review will begin 
Novem ber MCG is an Ryaal Rmploymear 
Oypostactad at Eyenal Finplopmenst Opyposteieul 
etna employer. 
PLANT ECOLOGIST 

The WK. Kellogg Biological Station (KBS) 
(website: hetp:, Lf. kbs.msu.edu} of Michigan 
State Unix rsity (MST) seeks applicants for a tenure- 
track Assistant Professor: ship in plant ecology. We 
seek an interactive colleague in any arca of plant 
ecology who will take advantage of the field and 
research facilities at KBS. Responsibilities will in 
claude development cf an externally funded research 
program, teaching at KBS and on the mai MST 
campus in East Lansing, and participation in the 
graduate program in Beology, Evolutionary Biology, 
and Behavior at MSU) iwebsire: hrtp://www. 
msu.edu/-~eebb). ‘Lhe successtid candidate will be 
resident at KBS and have a joint appointnent in 
the Department of Plant Biclagy (website: http: // 
www. plantbiology.msu.eduj cn the MSU campus. 

Applicants should send curriculum vitae and state- 
ments of research and teaching interests, and arrange 
to have three letters of recommendation sent to: 
Jeftrey Conner, Chair, Plant Ecologist Search 
Conunittee, W.K. Kellogg Biological Station, 
Michigan State University, TTickory Corners, MT 
49060. Address questions to e-mail: connerj@ 
misu.edu. Review cf applications will begin on 7 De 
cember 2006, and will continue unt] a suitable can- 
didate is identitied. 

ASU & an Afi 
tution; women aid iH 
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POSTDOCTORAL POSITION: Position avail- 
able te study the pathophysiclogy of the septo 
hippocampal system. The laboratory work is focused 
in understanding septal neuronal networks and 
their role in abnormal excitability states including 
Alzheimer’s disease. The position requires expertise 
in electrophysiclogy. Skills in immmunchistache mis 
try, fissue culture and molecular biology are desirable. 
Please send curriculum vitae, summary of research 
interests and three letters of reference ta: Luis V. 
Colom (e-mail: Inis.colom@uth.cduy), Department 
of Biological Sciences, The University of Texas at 
Brownsville, 80 Fort Brown, Brownsville, 
78520. 
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POSITIONS OPEN 


FACULTY POSITION 
Visual Neuroscience 


The Department of Vision Sciences and the Center 
for the Development of Functional Imaging at The 
University of Alabama at Birmingham (UAB) invite 
applications for a tenure-earning Faculty Position. 
Candidates with expertise in imaging (functional 
Magnetic resonance imaging, or optical) in experi 
mental animals ar humans are particularly encour 
aged to apply. TTAB is one of America’s premier 
research universities, ranking among the top 20 in 
funding fram the National Instinites of Health, 
Vision research is especially strong at UAR with 52 
faculty from eleven departments constituting the 
Vision Science Research Center, one of ten university 
pia centers. The successful candidate will have access 

1 MRI facilitics which include two 3’ human 
ited a 9.4T small animal system, and a vertical 
4.77 system dedicated to non human primate re 
search. He/she will alsa: have access te fully stafted 
core resources which include electronics, computer, 
machine shap, histelagy, molecular biology, trans 
genic, hybridoma, confocal microscopy, fluorescence 
resonance energy transfer (PRET), and muliphoton 
imaging. Vision Sciences faculty actively participate in 
many graduate programs including vision science, 
cellar and molecular biclagy, nenrescicnce, and 
biomedical engineering, Lor Assistant level appoint 
ment, candidates are expected to have doctoral and 
postdoctoral training, and to develop a nationally 
recognized and extranmrally funded independent 
research program. Associate or Full Professor ap- 
pointment will require dememnstrated independence 
and research productivity, including a strong track 
record of external finding and peer reviewed pub 
ications. Applications should be received by Januarr 
31, 2006, to ensure full consideration. Applicants 
should send curriculum vitae including at least three 
references, and a statement of research interests to: 

Dr. Paul Gamlin 
Chair, Department of Vision Sciences 
The University of Alabama at Birmingham 
924 South 18th Street 
Birmingham AL 35294 
E-mail: pgamlin @uab.cdu. 


C148 ts an Lawl Opvaniaiity At 
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1OWA STATE UNIVERSITY 
Department of Physics and Astronomy 
Physics of Biological Systems 

Applications are invited for a tenure track FAC 
ULTY position to begin August 2006. We seek can- 
didates with the strangest credentials and promise 
of fine accomplishment in a forefront area of the 
physics of biological systems. The successful appli- 
cant will be expected to: interact with researchers 
within the department as well as researchers in other 
disciplines. Potential approaches include single mol- 
ceule studies, spectrascapy, diffraction methods and 
theoretical biological physics. Candidates at the as- 
sistant professor level are expected to have a Ph.D. in 
physics ar a closely related discipline and a dem 
onstrated record of research accomplishments nor- 
mally achicved through postdoctoral experience. All 
candidates should demonstrate promise for excel- 
Jence in teaching at both the undergraduate and 
graduate levels. Lurther information about the 
Physics and Astronomy Department and the life 
sciences program at [SU are on the web at websites: 
http://www. physics.iastate.edu and http:// 
www. bioinformatics iastate.cdy /. 

Applicants should send a letter of application, a 
resume incliding a statement of research and teach 
ing interests, along with names, and contact infor- 
mation for at least three references. Please arrange 
for these letters of recommendation to be sent to: 
Physics of Biological Systems Search Committee, 
c/o Ms, Gloria Oberender, Department of Phys 
ics and Astronomy, Towa State University, Ames, 
lowa, 50011 3160. E mail applications will net be 
considered. Applications will be accepted watil De 
cember TS, 2005, or until the position s filled. Tows 

i is aa equal opperiianiy employer. bomen 
wand | Hudiorities ave encouraged to apply. 


ASSOCIATE/FULL PROFESSOR POSITION 
Tissue Engineering 
The University of Texas, Arlington 

‘Lhe Bioenginecring Department at ‘Lhe Universi 
ty of ‘lexas, Arlington (L°1'A) invites applications far 
a senior level tenure (Associate or Full Professor) 
faculty pasition, with the starting employment date 
of fall 2006, Applicants must have a Ph.D. in 
bioengineering or a closely related field and a proven 
track of teaching, scholarly research, and external 
funding in tissue engineering or related areas such as 
biomaterials and biomechanics with tissue engineer- 
ing focus. Ihe Bioengineering Department has a 
jomt M.S. and Ph.D. program with The University 
of ‘Lexas Southwestern Medical Center at Dallas, 
providing, excellent cppertunities for research col 
laboration with clinicians and life scientists. The 
successful candidate is expeeted to establish a vig, 
orous, externally funded research program, teach 
graduate and undergraduate courses, and perfonn 
university service. UA is ideally situated between 
the Dallas and Fort YYorth metropolitan areas with 
less than L8 miles distance to beth cities and 
excellent access toa larac number cf medical centers, 
high tech companies and cultural events. To apply, 
please visit cau website: https: //cse2.uta.edu/be/ 
te/ and upload your cover letter, curriculum vitae, 
statement of career goals, and names of at least three 
references, Review of applications will begin imme 
diately and continue until the position is filled. 1°71 
fs an Laval Opponuntiy, Aitrmaiive daion Lonplayer. 


VISILING FELLOW IN SCIENCE, 
TECITINOLOGY, AND 
ENVIRONMENTAL POLICY 
Woodrow Wilson School 
Princeton University 

‘Lhe Program in Science, ‘lechneolegy, and Envi 
ronmental Policy (STEP) at the Woodrow Wilson 
School of Public and International Affairs, Princeton 
University, invites outstanding, faculty, independent 
scholars, and practitioners to apply for an appoint- 
ment as a fellow for the academic year 2006 2007, 
The successitd candidate will devate an academic 
year in residence at Princeton to research, discus- 
sions, and scholarly collaboration on topics related 
to enviromnental policy and science. Under excep- 
fonal arcumstances, applications for only one semes- 
ter in residence may be cemsidered. All applicants 
should have a doctorate or a professional postyrad- 
nate degree and at least several vears of subsequent 
experience. 

Full details regarding the fellowship and the 
application precess can be feand at website: http:// 
ww. ws. princeton.cdy/step/employmenttrame. 
html. The deadline for applications is December 22, 
2005. 

For more information about applying to Prince- 
ton please link to website: http: //web.princeton. 
edu /sites/dof/ApplicantsInfo.htm., 

Princetots Chain: hoa Agual Ousortanitys 
Aations Linplyer, 
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POSTDOCTORAL POSITIONS are available 
to examine the role of Mdm2 and Mdhnd4 in reg- 
dation of the p53 numor suppressor during devel 
opment, cell differentiation, and oncogenesis using, 
cel] culture and mouse models. Tn addition, success- 
fil candidates will have the opporntmity te train in all 
aspects of mouse modeling. Experience in molecular 
biglogy is required. 

Send curriculum vitae and contact information 
for three references to: Stephen Jones, Ph.D., De- 
partment of Cell Biology, UMass Medical School, 
55 Lake Avenue North, Worcester, MA 01655. 
E-mail: stephen jones@umassmededy. Visit web- 
site: hip: // www.umassimed.edu/cellbio /faculty / 


jones.ctm. 
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Science 


AY AAAS 


Genetics Editor at Science 


Join the dynamic team at Science as a full-time associate editor 
for the biological seicnees in our Washington, DC, USA or 
Cambridge, UK ollice. We are looking for a life scientist with 
broad interests, a lively curiosity, and cxpericnee in eutting-cdec 
research in several of the following fields: zenetics, genomics, 
evolution, cvo-devo, and ecology. Responsibilitics include 
managing the review, sclection, and cditing of manuscripts, 
soliciting reviews and special issues, and fostering contacts 
and communication with the scientific comnmunity. ditors arc 
expected lo travel to scientific meetings, A Ph.D,, postductoral 
experience, and multiple publications are required. Previous 
editorial expericnce is not necessary. 


UNIVERSITY OF KANSAS 
Microbial Ecologist 


The Department of Ecology and Evolutionary Biology and 
the Department of Molecular Biosciences at the University 
of Kansas invite applications for a tenure-track position in 
Microbial Ecology at the Assistant Professor level with an 
expected starting date of 18 August 2006, We encourage appli- 
cations trom outstandmg candidates to establish a high-quality, 
extramurally funded research program using molecular, iso- 
topic, and‘or biochemical approaches to address fundamental 
questions of ecologically relevant inicrobial processes (such 
as those occurring in soil, aquatic, biofilm, or other environ- 
ments), Required qualifications include a Fh.D. and postdoc- 
toral research expericnee in microbial ceology or a related 
field, the ability to teach courses related to microbial ecology 
at the undergraduate and graduate levels, and an interest in 
collaborative research with members of both departments at 
KU. Eligibility to werk in the U.S. prior to the starting date 


ScienceCareers.org 


of the position. Preferred qualifications include experience 
and interest in applying modern teclmiques to study microbial 
environments, demonstrated ability to obtain extemal funding, 
; AAAS ., and ability to contribute to the teaching of courses in cither or 
Human Resources Department, Suite #11 hoth departments, especially courses in the general arcas of 

1200 New York Avenue microbiology and/or ecology and a candidate who will con- 

Washington, DC 20005 tribute to the climate of diversity in the College, including a 
diversity of scholarly approaches. 


Kor consideration, send a resume and cover Ictter, along with 
salary requirements, to: 


Applications can also be sent by e-mail to hrtemp@éaaas.org 
or Fax 10 202-682-1630. 

— Faculty Position in Evolutionary Genomics 
Visit us al: Ww W.aall ory, 
The Departments of Molecular Biosciences and Ecology and 
Evolutionary Biology at the University of Kansas are secking 
applications for a tenure-track faculty position at the ASSIS- 
TANT PROFESSOR level. Exceptional candidates at the rank 
of ASSOCIATE PROFESSOR will also be given serious con- 
sideration. Research interests of the candidates should be in the 
area of EVOLUTIONARY GENOMICS. Preferred candidates 
will have a research program that utilizes computational and 
experimental methods and that complements existing research 
strengths in beth departments and a candidate who will con- 
tribute to the climate of diversity in the College, including a 
diversity of scholarly approaches. Required qualifications tor 
Assistant Professor include a Ph. 1) and postdoctoral expericnee 
in evolutionary genomics or a related field of study by the time 
of appointment, demonstrated excellence in research, and a 
commitment to quality undergraduate and graduate educa- 
tion. Additional required qualifications for Associate Professor 
include a vigorous, well-tunded research program in evolution- 
ary genoinics and demonstrated excellence in teaching. The 
successtul candidate should be eligible to work in the U.S. 
prior to the starting date of the position. 


Nonsmoking work environment. KOK. 


Boston University 
Bioinformatics Graduate Program 
Faculty Position 


‘The Bioinfonnities Program at Boston Universily invites applications from 
extremely energetic and promising teacher-scientisis for a tenure-track assis- 
lant or assoeiale professorship. A senior position is also possible for an unusu- 
ally accomplished researcher with an intemational reputation for pioneering 
contributions to bioinformatics and compuliional biclogy. 

‘The Bioimformuatics Program, centered al Lhe newly mauguraled mlerdisciplin- 
ary Life Sciences and Engineering Building in the heart of Boston, is University 
wide and includes some 30 faculty from the Colleges of Engineering, Arts and 
Sciences, and various components of the Medical campus, a3 well as auljunct 
faculty from major biotechnology companies, the Broad Institute, Tarvard 
Medical School , and the National Center for Biotechnology Information. Stu- 
dents are drawn ftom diverse disciplines, and selection is extremely competi- 
tive. More than 70 PhTD students are currently pursuing leading edge research 
in areas ranging from whole-genome analysis, structural genomics, and cell 
aystems biology, to clinical applications (htip://hioinformatics.bu.edu). 


Candidates should have conerete plans for establishing a computational 
research program in one of the following areas: evolutionary biology. 
population genetics, sysiems biology, proteomics. or compurative genom- 
ics, Exceptionally strong candidates in other areas might also be considered. 
Candidates must have a strong biological wand computational background, 
with primary training m either mithematical stutistics, chemistry. physics, 
computer science or a life science, Review of applications will begin on 
December 7, 2003 and will continue until the position is filled. Please apply 
on line al http://cagt.bu.edw/page/Pousition] apply. You may also send 4 
resume. 2 page research plan, complete bibliography and al Least three letters 
of recommendation to: 
Chair, Bioinformatics Search Committee 
c/o Caroline Lyman 
Bioinformatics Program 
Boston University 
44 Cummington Street 
Boston, MA 02215 


Boston Ciniversity ix an Requal Opportunituld flirntative Action Pmplover. 


Applicants should submit a cover letter, curriculum vitae, 
key reprints, and statements of researeh and teaching 
interests in a single PDF file to MicraEcoli@ku.edu or to 
cvogcnscarch@kuwedu, or by mail to Doruthy Juhanning, 
Division of Biological Sciences, 121) Sunnyside Ave., Rm 
2041, University of Kansas, Lawrenec, KS 66045-7534. 
Applicants should also arrange to have at least three letters 
of referenee sent to the above address. Review of applicants 
will start $ December 2005 and continue until the positions 
are filled, The expected start date of the positions is 18 August 
2006. For more information about the positions and the Depart- 
ments, visit our websites at http://www.amoulecularbioscicne 
es.ku.edu and http://www.ku.edu/~eeb. 


Paid for bv KU. The University of Kansas is an 
LOLA Employer. 
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POSITIONS OPEN 


EX 


PIONEER. 


A OuPONT Commany 
RESEARCH SCIENTIST 


Pioneer TTi-Bred International, Tneorporated is 
the world leader in the discerverr, development and 
delivery of clite crop genetics. We are looking, for a 
Research Scientist at our Johnston, Towa location to 
provide technical and scientific expertise supporting, 
eToOp protection gene expression studies in fungi and 
plants. Ph.D. in biological sciences and a minimum 
af seven Fears of research experience (past Ph.D.) ar 
equivalent combination of education and experience. 
Extensive personal experience in the quantitative 
analysis of gene expression. Direct experience with 
analy s of RNA using quantitative methodologies 
including microarrays and real time PCR is required. 
Excellent written and spoken communication skills 
and experience with manipulation of large data sets 
are required. ‘Lhe ability to contribute at the technical, 
scientific and management levels is required. 

Required identification for this position is TP460. 
For a complete job description and te apply, go te 
website: http: //www.pioncer.com/employment. 
Ligue Opporisatiy Limployer 


POSTDOCTORAL FELLOW 
Pathology and Laboratory Medicine 
Emory University School of Medicine 

Postdoctoral positions are available at Fanory Tni- 
versity focusing on innate immunity, epithelial cell 
biology and the pathophysiclogy of epithelial in- 
flammation. Opportunities exist for involvement in 
exciting projects aimed at understanding how len 
koeytes interact with epithelial cells with special 
emphasis on cell-cell adhesion /integrins, signaling, 
transmigration and cpithelial barrier fiction. ‘he 
role of junctional adhesion molecules and signal 
regulatory proteins in the above processes are ac 
tively being studied. A doctoral degree, experience in 
molecular/cell biology and protein biochemistry of 
eukaryotic systems, and strong, English communica 
tion skills are required. Preference will be given to 
individuals with previents experience in the fields of 
innate immmnity and/or biolagy of epithelial cells. 
The successful applicant will join our epithelial 
pathabiclagy gremp comprised of six principal in 
vestigators with commen interests that occupy 
12,500 square feer of new, fully equipped and in- 
tereannected research space. Interested individuals 
should send resume to: Dr. Charles Parkos, Emory 
University, Whirchead Biomedical Research 
Building, Room 105B, 615 Michael Street At 
lanta GA 30322. E-mail: cparkos@emory.cdlu. 

Limary iy oa Lgual Opporinss A iiiremaire 
Aittes Lon 


IMMUNOLOGIST, TENURE TRACK 


‘the Department af Cellular Biclagy at the Uni 
versity of Georgia invites applicants for a tenure-track 
Assistant Professor position in the arca of immunel 
ogy. This position is part of a major expansion of 
programs in biomedical sciences, in conjunction with 
the opening af the Paul D. Coverdell Center for 
Tnrerdisciplinary Biomedical Studies. Successful can- 
didates wall be expected to develop a strong extra- 
miurally funded research program and to contribute 
to instruction im immunology. Individuals whose 
rescatch interests complement cur institutienal and 
departmental foci in infections diseases, developmen 
tal biology or cell biology are of particular interest. 
Potential applicants can learn more about the 
programs in this highly collaborative environment 
and find details about the appleation process at 
website: http://imoninology.ch.uga.edu. Appli 
cations received by January Ta, 2006, are assured of 
full consideration, t ssf hail College of Ar 
Sciences fb big the iliverstty 
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POSITIONS OPEN 


THE UNIVERSITY OF TEXAS 
Southwestern Medical Center 


ASSISTANT/ASSOCIATE PROFESSOR 
POSITION: The Department of Physiology invites 
scientists with a track record of technical and in 
tellectual innovation to apply for a tenure-track As- 
sistant or Associate Professor position. M.D, Ph.D., 
or cottivalent degree is required. ‘Lhis pesition is 
tarected to individuals whe can bring new technol 
ovies to fruition to answer important physiological 
or systems biological questions, Optical, mechanical, 
electrical, molecular biological, cr computaticnal 
methods are all appropriate with important applica- 
tions expected at one or mare levels of phrsiclagr, 
ranging from individual genes and proteins to cells 
and Organs. 

‘This position represents a new growth phase of 
this Department at one of the world’s leading, med- 
ical scicnee centers. ‘Lhe position will be supported 
by significant laboratory space cn our new campus, a 
competitive salary and an exceptional startup pack- 
age. University of ‘lexas (U°1') Sentthwestern is the 
scientific home of four Nobel Prive laureates and 
16 members of the National Academy of Sciences. 
More than 2,000 research projects are supported by 
$300 million grant funding annually at our school. 

Applicants should submit clectronically a curric 
alum vitae and bricf statement of research plans to 
e-mail: donald hilgemann scarch@utsouthwestern. 
edu and shemld arrange to have three confidential 
letters of reference forwarded to the same address. 

UIT Southumsteris strongly etn vipphivations fos 
women, miseriiies, anit people udih An jf 
five Artions Rgual Ouportunity Emypio yer. 


FACULTY POSITION IN VIROLOGY 
University of Hawai'i 

The Department of Microbiology at the Univer- 
sity of Hawaii at Manca invites applications for a 
tenure track, nine month faculty pesiticon in virol 
ogy at the Assistant or Associate Professor level. The 
expected start date is Angust 1, 2006. ‘Lhe Depart 
ment steks an individual using modern molecular 
approaches in the area of animal virology. Candi- 
dates must have a Ph.D. in the biclogical sciences, 
postdoctoral research experience, a record of pub- 
ications and a commitment to teaching. A minimum 
of four years fall time teaching experience at the 
Assistant Professor level is required for application at 
the Associate level, ‘Lhe successfal candidate will be 
expected to develop an independent, externally 
funded research program, to teach at the under- 
graduate and graduate levels, and tc: mentor smdents. 
Salary will be commensurate with experience and 
rank. Competitive starmp package to be affered. 
Applicants shomld send curriculum vitae, statements 
of teaching philosophy and research interests, and 
the names and contact information of three refer 
cnees to: Virologist Search Chair, Department of 
Microbiology, University of TTawai’i, 207 Snyder 
Hall, 2538 McCarthy Mall, Honolulu, HI 96822. 
Tnquinies should be directed to: Dr. Sean Callahan 
at e-mail: scallaha@hawaii.cdu. Applications re- 
ceived after January 1, 2006, may not receive full 
consideration _ The Tiniveriity of Aawet’i is an Faysiatl 
Opperiaiii malive Acitot Listiiaiion. 


ASSISTANT PROFESSOR POSITION 
ASSOCIATE RESEARCIT SCIENTIST 
Division of Hematology /Oncology 
Maimonides Medical Center, Brooklyn, NY 
Mount Sinai Schoo) of Medicine 

We are secking an Associate Research Scicntist to 
continue the ongoing research of myelofibrosis Ap- 
pheant must have a uC §. Ph.D. degree and expertise 
in molecular biclogy. Salary ranges fram $45,000 
to $35,000 annually plus fringe benefits com- 
mensurate with experience. Send your anriculum 
vitac directly to: Jen C. Wang, M.D., Maimonides 
Medical Center Brooklyn, New York, Division of 
Hematology/Oncology, e mail: jewangs@aol. 
com; fax: 718-635-7110. 


Northeastern 
Umi ES 8.22. 8 
BOSTON, MA 


Zils 
ASSISTANT OR ASSOCIATE PROFESSOR 
The Barnett Institute of 
Chemical and Biological Analysis 
‘Lhe Barnett Instintte of Chemical and Biclagical 
Analysis annenutmnces two new positions at the As 
sistant or Associate Professor level. These appoint- 
ments are part of a $75 million investment plan 
launched by Northeastern University, and wall be 
held jointly between the Barnett Institute and the 
Department of Chemistry and Chemical Biology. 
Jomt appoinnnents with ‘other deparnnents in the 
Colleges of Arts and Scicnees, Engineering, ar 

Pharmaccutical Sciences will alse: be considered. 
The Institute, which recently celebrated its 
thirticth anniversary as a picmcer in the application 
of emerging bioanalytical approaches to address 
contemporary biological and clinical challenges, 
secks eutstanding candidates whe can complement 
its current research programs in proteomics, metab- 
olomics and assaciated technelagics for systems 
biology (website: http://www. barnett.neu.edu). 
Major collaborations are ongoing with nearby 
micdical scheels as well as bierechnelegy and phar 
maceutical compamies, and the institute has an active 
technology licensing program. Relevant fields of 
research comld include carbohydrate chemistry, 
nanotechnology, clinical diagnostics or bigengi- 
neering; other areas mar alse: be af interest. Assistant 
Professor candidates {tenure track) should have at 
least two years of postdoctoral experience. Associate 
Professor candidates ftemured) should have a dem 
onstrated level of accomplishment, including an 
active, federally funded research program. Please 
send a letter of application and a comprehensive 
cunticulum vitae to: Dr. Roger Kautz; Barnett 
Tnstitute, Room 34] Mugar Building; Northcast- 
ern University, 360 Huntington Avenue; Boston, 
MA 02115 Or bys ee a se ae rir ama 


suoHAL vid minorite 


Teonard M. Miller Schoo) of Medicine 
University of Miami 
Department of Dermatology 
and Cutancous Surgery 

‘The Leonard M. Miller School af Medicine, 
University of Miami, Department of Dermatology 
and Cutancaus Surgery is secking a full time fac 
ulty member at the RESEARCH ASSISTANT 
PROFESSOR / RESBARCIT ASSOCIATE 
PROFESSOR / RESEARCH PROFESSOR 
level. Candidates must have M_T)., Ph.D, or M.D. / 
Ph.D, We are seeking individuals with research in 
terests in dermatology, inflammator¥ infections, ac 
netic diseases, and/or wound healing expertise 
desirable, Over 1,000 square feet of wet laboratory 
space. Staff, Ph.D,, and fellow support to be nego 
hated. External grant support is desirable. In ad- 
dition, clinical responsibilities for M.D. or M.D_/ 
Ph.D. applicants to include seeing private patients 
at current clinical practice for general dermatology. 
Rank and salary wall be commensurate with training, 
and experience. Please forward curriculum vitae to: 
Lawrence A. Schachner, M.D., Chairman & Harvey 
Blank Professor, P.O. Box 016250, Miami, FL 
33101. E-mail: Ischachn@med.miami.cdu. Tele- 
phone: 305 243 4771. Fax: 305 243 6191. / 


Feil Opportsinitys Athemaatinn Action Emylo per. 


POSTDOCTORAL FELLOVWSITIP 

Texas ASM University at Galveston (TAMUIG) 
secks applications for twe competitive two rear 
Postdoctoral Fellowships from highly qualified can- 
didates interested in any aspect af marine biology, 
oceanography, coastal/ocean enginecring, marine 
geology, or marine policy and management. For de- 
tails, sce website: hip: / Awww. tamug.edu/postdac. 
Fuel Opportunity Binployers.1irimative Action. 


www.sciencecareers.org 


Postdoctoral Research Opportunity 
HIV Evolution and Vaccine Design 


Lhe Santa Fe Instirute (SEL) has an opening % Sade 

i posidenansal seseanch posicon heginnnyg 32" 

ry 20K in the ares ol HOY Receluaticess acted 
Although che position is focused on 1 LV 

Exolivion ane Vaeune Design, the tesearch at SPT 2s very 
Vscusstel cartel 20 y bee ep ewowsatt Laleexlud 
indexKescarch.php). lhe successful candidate will be tree 
let explore puher i resas i nd putsue ddelfninsial cxlbilasaezcens 
while atthe Tastivute. 
The specific prnjece will frvnlye 

- AlV¥evoluvdion and defining chitacter’siies ni che vitus 
ar cransmission; 

- Design LILY vaccines chat specifically address 
characteristics of che virus ac transmission and carly 
Sante Fes ppcrsess; antl 

- Develop cnuineedge phylagenerie mecheelolegies. 

‘Lhis work is cheosecical buc vaccine design concepes will be 
lestecl ly esperinenuil ist colleagues at pther Jistinnezens, 
and we have access to data pertinent to acute infections. A 
strong, backeround in programaning, statistics, and biology 
is highly cles’nable. 

Onhes Ho tesearch alche iftscuie facucle ecxgy, 
virology and immunology, evolvabilicy and robuscacss, 
population gexctics. genomic ‘mp:incing. paleobiology. 
evolivon al developmentanc binlages! cemputaine. 
This Tostdertersal Resesi recter will be appoined leet ai lwen= 
year corm on a full-time basis, with the possibility of a onc- 
year extension contingent upon continuation of funding 
and] perlessnanice, 


Applicadens ate welcome from cindidates 2 any country. 
Wonten and minorities are especially encouraged to apply. 
Sticerssfil [breign applica nes rns aexyuis worm pili ble 
vind (usually a J-Viis a condivon cl errrpplery 


To Apply: Pleise view the lull per 

application ‘asczuccions at httpi'werwsancare. cus 
hevpomudec:. buen, Fer full vor 1, all appl 

mated srust he rece’ved elect cally (prelerred) ot vii 
post no lacey than December 2, 2005. tio: fiucher 
inference, en! posteloein Nissans Teel cet coal (50S 
146-2746, 


ya UTMB 


The University of Texas Medical Branch 


FACULTY POSITION, TENURE TRACK 
Center for Addiction Research 
and 


Department of Pharmacology and Toxicology 
The University of Texas Medical Branch (UTMB) 


Candidates are sought for 4 tenure-track position available m the Center for Addiction Research and 
the Department of Pharmacology and Toxicology at UTMLB. The successful candidate will have a 
sitong record of scholarly research, publication and extramural fuindmg m neurephamnacelory, 
neuroloxicology and/or neureseicnee focused on drug abuse, aleoholism and/or addiction, Preference 
will be given to candidates interested in working in a highly collaborative, interdisciplinary 
chviromment with micrests complementing these of center and deparimental faculty. The UTMB 
Center for Addicuion Research is a unique collaboration of faculty who are employing cuing edge 
tools to identify candidate targets and markers for the etiology and pathophysiology of addiction. 
The Department of Pharmacology and Toxicology is compnsed of 16 tenure-irack Liculty who apply 
contemporary molecular, cellular, chemical, and behavioral approaches to the study of addiction, 
psychiatric disorders, cancer, cell signaling, gene regulation, drug metabolism, molecular toxicology 
and the structure and funcuen of bielumeally acuye molecules. The department alse houses the 
Program in Chemical Biology, which employs combinatorial and synthetic organic chemistry in 
pursuit of novel reagents for biomedical research. Rich opportunities exist for translational research 
in the areas of addiction, psychiatne disorders, cancer, and neurodeyencrauion, The position olfers a 
competitive salary and benefits package. 

All appheauons should contain the followmy materials: current curriculum vilae, statement of 
tesearch accomplishments and future plans (less than 3 pages), and names and contact formation 
for three references. Please submitto: Dr. Kathryn A. Cunningham, director, Center for Addiction 
Research, and vice chair, Department of Pharmacology and Toxicology, The Universily of 
Texas Medical Branch, 301 Universily Boulevard. Galveston, TX 77555-1031; or email via Ms. 
T.1.. Landry, tlandry@utmb.cdu. Web sites: UTM} wow.utmb.edu; the Center for Addiction 
Research www.ulmb.edu/addiction; Deparuncnt of Pharmacology and Toxicology www.ulub.ed a! 
phtox/. 

UTMB is an Affirmative Action Institution which proudly values diversity. 
Candidates of all backgrounds are encouraged to appr. 


SFT th cus eefeaed appuertusstty eniplayer. 


THE UNIVERSITY OF 


ARIZONA. 


TUCSON ARIZONA 
Assistant/Assaciate Professor, Environmental Physics 

The Department of Soil, Water and Environmental Science at The University 
of Arizona invites applications for a faculty position in environmental phys- 
ies. We seck dynamic, creative applicants with an excellent understanding 
of fundamental physical propertics and processes associated with soils and 
subsurface terrestrial aystema. Examples of desirable research areas include 
multi-phase fluid flow, deep vadose-zone systems, pore scale processes, and 
itrigation‘recharge fundamentals. Candidates with experience in quantita- 
live characterization of flow and transpori processes. including theoretical 
analysis, mathematical modelmg. and imnovalive maging methods. are 
espechilly encouraged lo apply. 


‘The candidate is expected to complement existing sirengths of the department 
in ong or more of the following overlapping areas: contamimunl transport 
and fale. water quality. soil’groundwater remediation. soil-plant-water 
relauionships. wad environmental microbiology, ‘The successful candidate 
is expected lo develop a vigorous extemally funded research program. to 
supervise gradual researeh. and to leach a the undergraduate and graduale 
levels (vo courses per year} ‘This will be an academic year lenure-track 
Appointment, and compensation will be commensurate with expericnes and 
training. 

Tt is anticipated that this position will he available August 2006. Applicants 
are required to have a Ph.D. in hydrology. soil physics, or closely related 
field at the time of appointment. Tnitial review of applications will begin 
January 15, 2006, and will continue until the position is filled. Candidates 
should submit their curriculum vitac, names and addresses of at least three 
referenees, and a statement of research and teaching interests to: Dr. Mark T.. 
Brusseau, Search Committee Chair, 429 Shantz Bldg POB 210038, 1177 
F.. Fourth St., Tueson, AZ 85721-0038, University of Arizona, Tucson, 
AZ 83721. Additional information about the department is available at http: 
fag aricuna.cdwS5WES/, 

The Ciniversity of Aricona is an PEOSAA - MAVIDIF Priplover. 


(ED ST, 
RS "Ey 


> Lh 
= 3 US Environmental Protection Agency (EPA) 
WZ 2 Office of Research and Development (ORD) 


Vee pre 


TPA’s Office of Research and Development (ORD), Office of the Scicnee 
Advisor (OSA) is seeking a candidate fora Seientitic Technical {ST} Profes- 
sional position as Tuman Subjects Research Review Official. Mighty qualified 
acicntific leaders currently engaged in matters related to human research 
ethics and subject safety are sought to lead this high level position. 


This position is responsible for providing high-level acicntitie leadership and 
overall coordination relating to human research ethics and subject safety. 
Other responsibilities include representing ORD on Ageney Tuman Subjects 
Workgroups as well as other Federal Oversight Offices such as the Office of 
Human Researeh Protection. The mcumbent will also provide advice and 
recommendations which may serve as a basis for policy decisions im areas 
relited to human subjects* research. The meumbent will also be responsible 
for the Human Subjects Research Review Protocol, serve as the key liaison 
for EPA in interactions with Institutional Review Boards; develop. evaluate 
and oversee ainng and staff education relited Lo the ethical and sate conduct 
of human studies; and provide guidance to human research investigators 
in preparing protocols. consent forms. questionnaires. etc. Appoiunent is 
subject to the successful completion of a background sccurity investigation. 
This position ig subject to random drug testing. 


‘Theminunum nite of basic pay for a Seientifie” lechnical ($'1)) position equals 
120 pereent of a GS-15 step | rate of basic pay (c.¢., $120,155 per annum). 
This position will be based in Washington, D.C. 


Applicants should submita CV and a vision statement to: Jayoe Ramsey at 
US EPA/ORD (8101), 1200 Penosylyania Avenue, N.W., Washington, 
D.C. 20466. For more information, please go to http:/www.epa.gov/ORD! 
hoan/jobs_ord.hon, or you may contact Jayne Ramsey at (202) 564-6736 
om ramsey.jayne@epa.goy. Applications must be postmarked by December 
23. 2005. 


CS. Citizenship Requircet 
EPA is an Equal Opportinity Farployer 


ScienceCareers.org, 
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POSITIONS OPEN 


FACULTY POSITION 
Department of Biological Sciences 
Purdue University 

The Department of Biological Sciences invites 
applications for a tenure-tr ack faculty position m 
vertebrate developmental biclagy. Primary consider 
ation will be given to candidates who use zebrafish 
ay mice as genetic animal models to ask fundamental 
questions in developmental biclagy. ‘echnical ex 
pertise in high-throughput approaches for screening 
ar gene knockdewns, micrakKNAs, or transgenic 
kneckonts is desirable. We expect te fill an academic 
year appointment at the ASSISTANT PROFES- 
SOR level; however, appointment at a higher rank 
will be considered for qualified applicants. 

The Deparnnent has over 50 faculty members ali- 
recting research in a wide range of fields from bie 
informatics, through molecular and systems levels, 
ter evalutianary biology and ecclogy. Over the next 
several years we anticipate additional faculty posi 
tions in developmental biology, integrative disease 
biclagy, and molecular evolution. ‘Lhe Department 
directs a transgenic mouse core facility in conjunc- 
tion with the Purdue Cancer Center and maintains 
an animal facility. Further information about the 
Department is available at website: http://www. 
bio.purdue.edu/. ‘Lhe University is expanding the 
life sciences an campus and as part of this initiative 
several new buildings are nearing completion. These 
include a new Biomedical Engineering Building, a 
Structural Biclogy Building, and the Bindley Bio 
science Center, which houses shared facilities for 
image analysis, genomics, quantitative and fiction 
al proteomics, and other biological instrumentation. 

‘Lhe successful vertebrate developmental biclo 
SY applicant mst have a Ph.D. or cqmivalent in an 
appropriate discipline and at least two years of 
pestdectoral experience, We seck applicants with a 
strong potential for excellence in research, the 
promise of extramural funding, and a comminnent 
te excellence in teaching. Applications must be sub 
initted electronically as a PIOF file that includes a 
detailed curnculum vitae, the names and addresses of 
three references, a summary of research interests, 
and a one-parayraph teaching statement to e-mail: 
chair_devo@bia.purdue.edu. Inguirics should be 
directed to; Professor Donna M,. Fekete, Chair of 
Developmental Search Committee, Department 
of Biological Sciences, Purdue University, 915 
W. State Street, West Lafayette, IN 47907-2054. 
Review of applications has begun and wall contmue 
until the pesition is tilled. 

The Deparnnent also plans to fill, in a college- 
wide effort called COALESCE, a number of other 
biclogy faculty positions in nmulticisciplinary arcas, 
including membrane science, bioinformatics, and 
nanascience. Applicants in these ficlds may apply di 
rectly to website: hup://www.science.purdue.cdu/ 
COALESCE /. Applicants to one search may be in- 
chided in other relevant searches when appropriate, 

Pardue Univesity ic an gual Opportunity’ Rguat lees? 
Affisnative dion Employer and is committed to building a 


iberse faky of exvellerice, 


BENTITIC ECOLOGIST: Career-track position, 
GS-12 entry level, is available at the TLS. Geological 
Survey (USGS), Llorida Integrated Science Center 
to conduct targeted field and Jaboratory marine and 
estuarine community research. Applicants must have 
a strong backgremnd in field oriented quantitative 
marine benthic invertebrate ecology. Applicants must 
have a strong record of independent research, exter 
nal funding, and publication. Previous postdoctoral 
experience is essential. The successful candidate will 
assume a lead rele in ongoing multi disciplinary 
deep-water research, and develop a high-caliber re- 
scarch program, sustained largely cn external fund 
ing. Direct inquiries to: Dr. Kenneth Sulak je mail: 
ken sulak@usgs. gov). Applicants will find details, 
and must apply online at: website: http://www. 
usgs.gov /oht/oars/. Vacancy number ER-§-2005- 
0070. Opens TO Novernber 2006, closes 9 Decerm- 
ber 2003, USCS is a Laval OpporismiiysAjirmaiire 
Action Employer. 
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POSITIONS OPEN 


FACULTY POSITION 
MEDICAL MICROBIOLOGIST 

Lhe Biclagical Sciences Department at California 
State Polytechnic (Cal Poly] University, Pomona, in- 
vites, applications for a tenure-track Assistant Profes- 
sar pasition, beginning September 2006. Candidates 
must have a strong commitment to excellence in 
teaching and research. ‘Ihe candidate should be able 
to teach both traditional and molecular diagnestic 
techniques to microbiology, medical technology and 
biotechnology majors. ‘leaching responsibilities will 
include lower division and upper division “graduate 
microbiology courses, such as medical bacteriology 
and medical parasitology, and other specialty courses, 
as well as participation in introductory biology 
courses. The successful candidate is expected to 
develop an extrammrally fitnded research program 
involving undergraduate and Master’s level students. 
Ph.D. is required; teaching and pastdactoral experi 
enee is preferred. Cal Poly Pomona is a comprehen 
sive Master's level university with a diverse student 
beady. “he suecessfl candidate will have demonstrated 
ability to be responsive to the educational equity 
goals of the university and its increasing ethnic di- 
versity and international character. Applicants should 
send: iT) curriculum vitae, (2) statement of teaching 
philosaphy, (3) proposed plan af research, (4) rep 
resentative publication reprints, and (a) the names 
and contact Information of five references to: Dr. Jill 
Adler Moore, Chair, Medical Microbiologist 
Search Comnuiittee, Biological Sciences Deparunent, 
California State Polytechnic University, 3801 West 
Temple Avenue, Pomona, CA 91768 4132 je mail: 
jpadler@csupomona.cdu). Review of applications 
will begin December 18, 2005, and will continuc 
until position is filled. Official transcripts and thice 
letters of reference will be required ofall finalists. For 
further information, visit the Department website: 
http: //www.csupomona.cdu/~ biology. 

Cc anifisrtaive State Pol ptectisic Cluinersitp, Paroret i att 
Laval Ooporivanity, Ajinmative Acion Limployer. Cal Poly 
Pomona subicriies to atl state aid federal regulations and 
prohibits discrimination iased on gender, rave, sextiat ori 
ion, siativnal ori : 
seafenin sheifus. 


PACULTY POSITION 
Department of Chemistry and Biochemistry 
Center for Protein Structure and Function 
University of Arkansas 
The Department of Chemistry and Biochemistry at 
the University of Arkansas is seeking an outstanding 
scientist for a tenure track faculty pasition asseciated 
with the NITT National Center for Research Re- 
sources Center for Protem Structure and Function. 
iwebsite: http://wwwuark.edu/chemistry). Re 
search areas appropmate for the position include 
nitlear magnetic resonance (NMR) determination 
of pratcin structure and dynamics, diug design, 
hivorgamic chemistry, and spectroscopic studies oF 
proteins. ‘Lhe Center has five new NMR spectrom 
cters, including a 700 MHz NMR and a 500 MHz 
NMR, both wath cryoprobes. State-of-the-art pro- 
tein Xray crystallography and mass spectrometry 
core facilities are also associated with the Center. 
Collaborative, multidiseiplinary research projects are 
encouraged. Successfirl candidates must have a 
PH.D. and postdoctoral experience and wall be ex- 
pected to establish a nationally funded research 
program, and teach effectively at the graduate and 
undergraduate levels. Review of completed applica- 
tions will begin on December La, 2005, and 
continue until the position is filled. Curriculum 
vitae, description of research interests, and) three 
letters af recommendation should be sent to: 
Professor Frank Millett, Chair, Faculty Search 
Committee, Department of Chemistry and Bio- 
chemistry, University of Arkansas, Fayetteville, 
AR 72701 ‘e-mail: millett@uark.cdy). omen aivt 
anor i Hi comiribieie is ened 


gy Lunpleyesr avait app 
zt and to ape, + 


POSITIONS OPEN 


FACULTY POSITION 
Department of Biological Sciences 
Purdue University 


The Department of Biological Sciences invites 
applications fi wv oa tenure- track faculty pe on in 
microbial pathagenesis. We wish te identify candi 
dates who focus on host-pathogen interactions using, 
an animal meidel of infections disease. Primary con 
sideration will be given te candidates whe use mice 
as an aninal model to study fundamental questions 
in bacterial or viral pathogenesis. We expect to fill 
an academic vear appointment at the ASSISTANT 
PROFESSOR level; however, appointment at a 
higher sank will be cemsidered for qualified applicants. 

The Department has over 50> faculty members 
directing research in a wide range of fields from 
bioinformatics, through molecular and systems lev 
els, to evolutionary biology and ecology. Over the 
next several years we anticipate additional faculty 
positions in developmental biology, integrative 
disease biology, and molecular evolution. The De- 
partment directs a transgenic memse cee facility 
in conjunction with the Purdue Cancer Center 
and maintains an animal facility. Further informa- 
tion about the Department is available at website: 
http:/ /www.bio. pordyc.edu/. The University is 
expanding the lite scicnees on campus and as part 
of this initiative several new buildings are nearing, 
completion. These include a new Biomedical Tn- 
gineering Building, a Suuctmral Biology Building, 
and the Bindler Biescience Center, which houses 
shared facilities for image analysis, genomics, quan- 
titative and fimetional pretcamics, and ather bic 
logical instrumentation. 

‘Lhe suceessfirl microbial pathagenesis appli 
cant must have an M.D, PhD, cr equivalent in an 
appropriate discipline and at least two years of 
postdoctoral experience. We seck applicants with 
a strong potential for excellence in research, the 
promise of extramural funding, and a comminnent 
to excellence in teaching. Applications must be sub 
mitted electronically as a PIF file that includes a 
derailed curriculum vitae, the names and addresses 
of three references, a summary of research interests, 
and a one-paragraph teaching statement to e-mail: 
chair_micro@bio.purdue.edu. Lneptities shemld be 
directed te: Professor Allan E. Konopka, Chair of 
Microbial Pathogenesis Search Committee, De- 
partment of Biological Sciences, Purdue Univer 
sity, 915 W. Stare Street, West Lafayette, IN 
47907-2054. Review of applications will begin No- 
vember 30, 2003, and continue until the pesitieon 
is filled. 

‘the Department alse: plans to fill, in a college 
wide etfort called COALESCE, a number af ather 
biology faculty positions in mulndisciplinary areas, 
including membrane science, bicinformatics, and 
nanoscicnee. Applicants in these ficlds may apply di 
rectly to website: http: //www.science.purduc.cdu/ 
COALESCE/. Applicants to one search may be in 
duded in other relevant searches when appropriate. 

Pardue Liiunrcity is an at Qpuortanity ‘Feguiat lecess gf 
Aitiv oi Limpl 


POSTDOCTORAL POSITION 

A Postdoctoral position is available in proteomics 
at Texas Tech University, Tabbock, Texas. This 
position invelves studies cn development af meth 
odologies for quantitative analyses of proteins in 
proteomics research. The applicant must be familiar 
with proteomics and must have strong expertise in 
protein separation by 1-1 and 2-TD electrophoresis 
as well as in handling MALD] mass spectrometry 
and peptide mass fingerprinting. ‘Whe applicant 
should also have excellent communication and 
writing skills, and must be able to conduct research 
independently. Applicants should send) curriculum 
vitae including the names and contact addresses of 
at least three references to: Dr. Satomi Niwayama, 
e-mail: satomi.niwayama@try.cdu. 


www. sciencecareers.org 


University of California 
Riverside 


Science 
TITLE/RANK: Professor, Associate Professor, or Assistant Professor. Appointment rank and salary 
a ree rs commensurale with experienes. 


LOCATION: University of Califomia, Riverside, Califomia. 


Fo ru m POSITION: ‘The College of Natural and Agricultural Sciences invites applications for two facully 

positions i stem cell biology beginning on or afier July 1, 2006. We are particularly interested im indi- 

. viduals studying the differentiation of human embryonic stem ¢ells and their potential application to 

ScienceCareers.arg human therapy, although all areas of mammalian embryonic stem cell research will be considered. The 

has partnered with successful candidates wall interact with our interdisciplinary stem cell focus group consisting of faculty 

from the life sciences, engineering, and biomedical sciences. The stem cell faculty will abso be part of 

moderator Dave Jensen our developing Health Sciences ree Institute. Highly compelilive start-up ae and aaese 

and three well-respected the-art facilities are available. UC Riverside is a rapidly growing campus with central proximity to the 
advisers who, alo ng major biomedical research areas in Southern California. 


with your peers, wi ll QUALLFICATIONS: Applicants must hold 4 Ph.D. M.D. or equivalent and have postdoctoral experi- 
field career related ence. Candidates must have demonstrated expertise in stem eel biology. 


questions. RESPONSIBILITIES; The successful candidates will establish and maimiaim vigorous. inmova- 

live research programs in stem cell biology laking advantage of new state funding opportunities. as 

well az federal and private sourees. Opportunities for graduate student training are available through 

. interdepartmental graduate programs in Neuroscience: Cell Molecular and Developmental Biology: 

z Visit Biomedical Scienees: Biochemistry and Molecular Biology, Genetics, Genomics and Bioinformatics. 

ScienceCareers.org and and a developing program in Bioengineering. Teaching responsibilities would be at the graduate and 
Start an online dialogue. era fovea 

TO APPLY: Applications should contain a curriculum vitae, brief statement of research interests, relevant 

reprints, and the names, addresses, phone and fax numbers, and email addresses of three references. 

Applications can he submitted electronically to stemeells@ucr.edu. Alternatively, hardcopy applications 

ean he submitted to Chair, Stem Cell Search Committee, 1208 Spieth Mall, University of California, 


* Riverside, CA, 92521. 
DEADLINE: Review of applications will begin December 11, 2005 and will continue until the posi- 


We knew sclence BYAAAS tions are filled. 


The University of Catifornia is an frgnal Opportunites firmative Acton Fanplover. 


Yale University School of Medicine 
Interdepartmental Program 
Cellular Neuroscience, 
Neurodegeneration, and Repair 
333 Cedar Street 


Department of Chemistry q New Haven, CT 06510 


Inorganic Chemistry Laboratory Fecuity Pomlons 
Postdoctoral Research Assistant Yale University is establishing a Program for Cellular Neuroscience, Neu- 


rodegeneration, and Repair to bring together scientists involved in basic 
Grade RS1A for University Research staff, salary £22,289 - £24,352 p.a. and translational neuroseienee research, Aims of the Program are to: 


There is a vacancy for a Postdoctoral Research Assistant to work with {a) understand neuron-specific aspects of cell function, ‘ 

Dr Jason Davis. This PDRA position, renewable for three years, {b) elucidate the cellular pathophysiology of neurodegeneration and 
concerns the construction of novel, anion-selective luminescent ie) wanslate this knowledge mule therapies capable ofrepainmyg the nervous 
rotaxanes and catenanes, including surface-assembled systems. system and improving neuronal function in disease. 

The post requires experience of fluorescence/luminescence and The Program will emphasize bivphysical, molecular and yencuc 
surface assembly. The successful applicant will already have a PhD or approaches and Losier micractions across disciplinary boundaries. Faculty, 
have submitted a thesis prior to taking up the appointment. The post is who will be appointed to existing academic departments, will be housed 
for one year in the first instance. i common research space at the School of Medicine. 

Further particulars are available from the Administrator, Inorganic Sake ae 7 were é 7 7 
Chemistry Laboratory, South Parks Road, Oxford OX1 3QA Seven new faculty members will be appointed over the next several 
iquoting reference DH05020/JJD), or by e-mail years. Candidates must hold an M.D. and‘or a Ph.D. degree, or equiva- 
(rita.higgs@chem.ox.ac.uk) and these must be obtained before lent degrees, We mivite applications atl the rank of assistant prolessor, but 
application is made. appointments at the rank of associate and full protessor will be considered. 
The first round of applications is due by December 31, 2005. Please send 
# cover Icttcr, curneulum yilac, up to 3 representative publications, « 
research plan (strictly limited to 2 pages), and arrange for submission of 
3 ketlers of recommendation. 


Informal enquiries may be made to Dr Jason Davis 
(e-mail: jason.davis@chem.ox.ac.uk). 


Four copies of applications in the form of a letter, curriculum vitae 
and the names and addresses of two academic referees, at least 
one of whom should be your current ‘line manager’ or supervisor, Application materials should be sent electronically to Pietro De Camilli 
who may be contacted prior to interview, showing how you fulfil and Stephen M. Strittmatter, co-directors of the Program, exclusively at 
the selection criteria, should be sent {hard copy only}, quoting the the followimg c-muail address: connsearch@:yale.edu, Recommendation 
reference number to: The Administrator, (reference DHO5020/JJD} letters can he forwarded by mail. 

Inorganic Chemistry Laboratory, South Parks Read, Oxford es i ee 
OX1 3QR, by the closing date is 1st December 2005. Applications from, or numtuaions of women uid minority scientists 
are encouraged Yude ts an Affirmative Action‘Equal Opportunity 


The University is an Equal Opportunities Employer. ‘ 
Aeaployer. 


ScienceCareers.org 
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POSITIGNS OPEN 
GENOMICS FACULTY POSITION 
The Deparnnent of Biology at the University of 
South Florida (USE) announces a tenure track 


1 
be in the general arca of gencmics. Candidates that 
ean interact with our dynamic group of faculty wath 
strengths in cell and molecular biolagy, conserva 
tion biclogy and marine biclagy are encouraged te 
apply. Candidates must have a Ph.T3. in one of the 
biolagical sciences, postdectoral experience and 
relevant publications. ‘Lhe successful candidate will 
be expected to develop an active, externally funded 
research program, and teach an undergraduate 
course in genetics and graduate courses in their area 
of specialization. Send curriculum vitae, reprints of 
three published papers, statements af research and 
teaching interests, and three letters of reference to: 
‘The Genomics Search Committee, Department of 
Biology, University of South Florida, 4202 5. 
Fowler Avenuc, SCA 110, Tampa, Florida 
33620 5200. Complete applications, including, 
letters, must be received by December Ta, 2006. 
According to Florida Law, applications and meetings 
regarding them are apen to the public. tor iad 
acommodations, pleae sontact Dawn McGowan at 
telephone: 813-974-3250 ai teasi five arurking days privy 
io west, OSE Is an Aitrmaive Action ‘Laeal Limploynesit 
Ouportunity istinition. 


POSTROCTORAL FELLOWS 
University of Cincinnati Department of 
Molecular Genetics, Biochemistry and 
Microbiology 

Postdoctoral pesitions are available in the areca of 
Na, K-ATPase function and physiology. Using gene 
targeting, we have developed models to investigate 
the individual roles for cach of the alpha isoforms of 
this enzyme. Toth standard and conditional knock- 
cuts and gene replacements have been premuced. 
‘this represents a great cppornmity for individuals 
seeking experience related to physiology ofion trans- 
pert regulation or training in organ systems such as 
heart, muscle, vascular system, kidney, ovary, et 
cetera. The studies involve a multidisciplinary ap- 
proach inclnding but net limited to phrsiclogy and 
biochemistry. The training environment within the 
deparnnent is outstanding with 27 faculty, 46 grad- 
uate students, and approximately equal number of 
postdoctoral fellows. Interested candidates should 
send their resumes to: Jerry B. Lingrel, Ph.D., 
Professor and Chair, Department of Molecular 
Genetics, Biochemistry and Microbiology, Uni- 
versity of Cincinnati, College of Medicine, 231 
Albert Sabin Way, Cincinnati, Ohio 45267-0524 
or e-mail: Jerry. Lingrel@uc.cdu. 


POSTDOCTORAL POSITIONS 
Hormone Receptor Signaling /Breast Cancer 
Northwestern University 

Positions are available in a molecular endocrinalo- 
gr laboratory focused on the fiction of the prolactin 
receptor complex during the pathogenesis of breast 
cancer. Research arcas include the action of the 
Nek3 /¥av2 complex in proximal receptor signaling, 
the pathophysiologic function of the six recognized 
human prolactin receptor isoforms, contribution of 
prolactin receptor phosphorylation to receptor firnc- 
tiem, and the regulation of Stat signaling by co 
regudators and cyclophilin B. Molecular biclagy, cell 
culture, andor rodent husbandry experience re- 
quired. Cutting edge methadalogics employed by 
the laberates¥ include, but are not limited te, anal 
ysis using, yeast two- hybrid and transcriptional ar- 
ray analysis; prateamlics/mass spectroscopy; and 
senograft and knockout models of breast cancer. Re- 
cent graduates with T1S§. citizenship or permanent 
residence are cneentraged ta apply. Please send curric 
ulum vitae, a statement of research interests, and three 
referenees via ¢ mail to: Dr. Charles Clevenger, 
Department of Pathology and Breast Cancer 
Research Program, Northwestern University at 
e mail: clevenger@northwestern.edu. tgs! Ovpor- 
tunity RmplopersAfiiemetive letion. 
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POSITIONS OPEN 


POSTDOCTORAL, RESEARCIT, AND 
CLINICAL FELLOWSHIPS 
at the 
National Institutes of Health 
U.S. Department of Health 


and ITuman Services 
Website: hup://www.training.nih.gov 
NTA is dedicated to huilding a divere 
rommianiy bt fs irainbig and t employe 
pragrauns. 


POSTDOCTORAL RESEARCH POSITION 

The Biology Department at Aherst College seeks 
a Postdoctoral Fellow interested m collaborative 
research and teaching, within the college environ 
ment. Research may be conducted within the labora- 
tory af any member cf the Department (website: 
http: //www.amherst.edu/~ biology/faculty. 
heml) but must address some aspect of genomic 
biclagy. Participation in the teaching of under 
graduates wall involve the co-teaching of a course, 
or a specific module within a course, with faculty in 
the Department. ‘l'he we year pesition is funded by 
a grant from the Tloward Tlughes Medical Institute 
toa Amherst College to support teaching and research 
in the arca of genomic biology. Review af applica 
fons will begin after January 1, 2006, and continue 
until the position is filled. More details of the 
position and the application process are arailable at 
website: http: //www.amhberst.cdy/~ biology / 
menu.htnl. 

Ambherst College is a private undergraduate lib- 
eral arts college for men and women, with 1,600 
students and 190 faculty members, Located in the 
Connecticut River Valley of western Massachu- 
setts, Amherst participates with Hampshire, Mount 
Holyoke, and Smith Colleges and the University 
of Massachusetts in the Five-College Consortium. 
Armrest Callies i Ligual Quperiantiy tive Action 
Finployer, andl etumsinages 
swith dis to apply. The adminsi 
are comuniied ie ativacting camblitates jrom grasps currenily 
tinderepresented of our Gumpus. 


POSTDOCTORAL POSILION: Calcium Sig 
naling in Smooth Muscle. Postdoctoral Position 
nmmediately available to study calcium sparks, 
calcium wares, and potassium channels in arterial 
smooth muscle cells. Experience with cardiovascular 
physiology, patch-damp electrophysiology, confocal 
microscopy and/or calcium imaging preferred. 
Required qualifications include a Ph.D. or M.D. in 
physiology or a related field. Send curriculum vitac 
and names and addresses of three references to: 

Jonathan TT. Jaggar, Ph.D. 
Department of Physiology 
University of Tennessee TTealth Science Center 
894 Union Avenue 
Memphis, TN 38163 U.S.A. 
E-mail: jjaggar@pbysiol -utmem.cdy. 


‘the Cais Ui ‘tennessee & an Le 
Quportunity 7. 2 lection? Tike VT; 
04 f ADA Ss: ADEA Fiuployer. 


{ Losgplequrtesié 
Tithe INS Serth: 


Vhe Center for Aquatic Ecology and Conserva 
fon at the Thingis Natural TTistory Survey seeks a 
POSTDOCTORAL ASSOCIATE to participate in 
research on the potential impact cf invasive filter 
feeding Asian carp in the Great Takes. Ph.D. in 
aquatic ecology/limnology required; research expe 
rience in plankton or fisheries biglogy preferred. For 
the full position announcement and application in- 
structions sce website: http://www. inhs.uiuc. 
edu/opportunities /index.homl. Apply by January 
6, 2006, for full consideration. For technical ques 
tions, contact: Dr. Walter Hill fe mail: wrhill@ 
uinc.cdo, telephone: 217-244-2103) or Dr. 
Robert Herendeen je mail: herendee@uiuc.edu, 
telephone: 217-244- 2137 


POSITIONS GPEN 


‘The Virginia Maryland Regional College of Vet 
ermary Medicine has an nomediate opening, for a 
POSTDOCTORAL ASSOCIATE to perform ma 
lecular and micrebiological investigations on speci 
mens obtained from wild chimpanzees. Various 
molecular and microbiclagical techniques will be 
applicd to study wild chimpanzee populations as it 
relates to their health, well-being and conservation. 
Emphasis will be cm micreisatellite analysis. ‘lhe 
incinnbent will assist with the training of graduate 
students on their laboratory sordics invelring me 
kecular and microbiclogical techniques, and assist 
with the preparation of grant proposals. Candidates 
nmst have a Ph.D. with demonstrated experience 
with both microbiological and molecular techniques, 
including, microsatellite analysis, DNA isolation, 
PCR, cloning, and culturing and isolating micrabes, 

Candidates with a Ph. TD., that alse. have a T¥. M., 
v M.D. or M. 1). are preferred. Evidence of ap- 
propriate research training with a record of pub 
ications in peer-reviewed journals is required. 
Demonstrated skill in scientific writing for peer 
reviewed journal publications and/or grant pra 
posals is required. Candidates must be able to design 
and execute laboratery cxperiments, analyze data 
and prepare manuscripts for publication. ¢ Candidates 
must be selfanotivated, capable of working indepen- 
dently, and able to discern when it is important to 
confer with the principal investigator. A wallingness 
to work with graduate students is required. 

Submit application online at website: https: // 
jobs.vtecdy and upload supporting documents, in- 
cluding: cover letter, curriculum vitae, academic 
background, research experience and publications, 
and three letters of recommendation by November 
06, 2005. 

Funding i is guaranteed for three years. 

Additional information may be obtained from: 

Dr. Taranjit Kaur 
Virginia Tech CRC X¥ (0493) 
Blacksburg, VA 24061 
Telephone: 540-231-6522. Fax: 540-231-7735 
E-mai): taranjir@yvtcdu 
Lava Opponivntyy 


ifiamative Action bis 


POSIDOCTORAL POSITION immediately 
available to develop novel therapeutic modalities for 
the treatment of graft versus hast disease (GVHD) 
in the contest of allogeneic hematopoietic stem cell 
transplantation by targeting inflammatory signaling 
pathways. Requirements: M.D. cr PhD. degree in 
nomunology, cell biology, or molecular biology. 
Strong background in murine models, molecular bic 
logic methodolagics and fle cytometry, is highly 
desirable. curriculum vitae with names, telephone 
numbers, and c mail addresses of three references 
should be sent to: Markus Y. Mapara, M.D., Ph.D., 
Division of Tlematology-Oncology University of 
Pictsburgh Cancer Institute, ¢ mail: maparamy? 
upme.cdu. Telephone: 412-623-1112. 


NIIT-funded POSTDOCTORAL POSITION 
to explere enzyme catalytic mechanisms using, newly 
develaped transient state kinetic approaches (_Accostets 
of Chenscat Research 38-157, 2005). Experience in 
protein structure function relaticnships, Kinetic ise 
tope effects, physical-orgamic chemistry, or some 
related area is desirable. Contact: Tlarvey’ F. Fisher, 
Professor of Biochemistry, University of Kansas 
School of Medicine at: VA Medical Center, 4801 
E. Linwood Boulevard, Kansas City, MO 64128 
or telephone: 816 861 4700 extension 57156; fax: 
816-861-1110; or e-mail: hfisher@kume.cdo. 


ASSISTANT CURATOR of Birds and Mam- 
mals and POSTDOCTORAL RESEARCH AS 
SOCTATE. We seek an Assistant Curator for the 
University of Missouri's Museum of Zoology. Pri- 
mary respansibilities are collection curation, teach 
Ing One course per year, and research. For details 
see: website: hup://www.snr.missouri.edu/fw/. 
Submit application materials to; M.E. Gompper, 
Department of Fisheries and Wildlife Sciences, 
University of Missouri, Columbia, MO 65211. 
Review of applications begins December 15, 2005. 


www. sciencecareers.org 


Research Grants 


Inflammatory Bowel Diseases 


™@ Seeking exploratory proposals for innovative research in IBD 
{Crohn's disease and ulcerative colitis}. 


@ Preference for proposals with clinical applicability that will improve 
the life of IBD patients. 


® Grant applications are invited based on review of brief Letters of Interest. 


® No submission deadlines. Rapid funding. Worldwide eligibility. 


See Website: www.broadmedical.org 
E-mail: info@broadmedical.org 


Telephone: 1-310-954-5091 


broad medical research program 
The Eli and Edythe L. Broad Foundation 


POSITIONS OPEN 


sled yglte paris daole 
Carnegie Melee. - 
QATAR CAMPUS 927322... 
Human-Computer Interaction Visiting 
Faculty Position in the School of Computer Science 


Carnegie Mellon University established a branch campus in Qatar in the fall 
of 2004. We arc offering a BS degree in Computer Science to an international 
student hody. The university invites applications for a visiting faculty position 
to begin ag early as January 2006. 
We are secking a faculty member in the area of T carning Science and Technol- 
oey with research experience ideally in designing, implementing, deploying, 
and evaluating cducational technology in school or college settings. An ability 
lo teach courses in human-computer teraction. artificial intelligence, cogni- 
live psychology, or related areas is also desired. ‘he position will involve 
res¢areh in collaboration wath the Pitisburgh Seienee of Learning Center and 
faculty wt the Human-Computer Interaction Institute at Carmegie Mellon in 
Piusburgh, ‘he position offers competitive salaries, overseas ussignments, 
iavel and housing allowances and other benetils packages. as well as allrae- 
live research support. 
Interesied candidates should send their resume, slilement of teaching niterest 
and research, and names of three references to: Faculty Hiring Committee, 
¢fo Ruth Gaus, Qatar Office SMC 1070, 3032 Forbes Avenue. Pittsburgh, 
PA 15289; Ruth.Gaus@ies.cmu.edu; Fax 412-253-0924. 
« For more infornmition on the Pittsburgh Seiznes of Lewming Center. see 
hetp:/learnlab.org. 
For more information on the Tuman-Computer Tnteraction Institute, see 
hetp:/Avww.hcii.cs.cmu.edu. 
Tor more information on the BS in CS program, ace http:!! 
veww.csil.cs.cmu.edu/education/hses/index. han. 
Tor more information on the Carnegie Mellon Qatar Campus, sce hetp: 
/iwww.qatar.cmu.edu! . 
Information on Qatar is available at: hitp:/sww.experiencegqatar.com! 


Assistant or Associate Professor 
BIOMEDICAL ENGINEERING 


The department of Biological Engineermy and the Dalton Cardiovascular 
Research Center at the University of Missouri — Columbia invite appli- 
eauions for a tenure-track or tenured Lacully position. Candidates with 
research sirengihs related to cell membrane physivlogy andor bioMEMS 
are preferred. The successtul candidate will also teach at the undergraduate 
and graduate levels. Competitive salary, start-up package and laboratory 
facilities will he provided. 

ML- offers a rich environment for collaboration and Columbia is consis- 
tently ranked as one of the top 26 places to hive in the U.S. The Biological 
Engineering department is rapidly expanding with faculty expertise in 
biosensors. bioMEMS, biomatenals, clectrophysivlogy, biomechanics, 
and biophotunies. The Membrane Physiology Group at the Dalton Center 
consists of 9 faculty from 4 colleges who study membrane-associated 
Wansport processes such as ion chamel gating, transporter Luncuon, and 
cxocylosis of neurolransmillet. 

Applicants should have an earned doctoral degree in biomedical engineer- 
ing or a related fickl and a strong background im bei engincenmy and 
life sciences. Senior-level candidates are expected to have a vigorous, 
extramurally funded research program whereas candidates applying at 
the Assistant Professor level must have a high potenual for establishing 
an externally funded research program. Postdoctoral training is preferred. 
Review oLapplications will bez on December 1, 2005 and will continuc 
unul the pesiuen is filled, 

Applicants should submit a Curriculum Vitae, a summary of past 
research and future research plans, a bref statement of teaching plans, 
and a list of three to five professional references to: Search Committee 
Chair, Dept. of Biological Engincering, 215 Ag Eng. Bldg., Univer- 
sity of Missouri, Columbia. MO 65211. Ph: (573) 882-2369, Email: 
RathffDe@- missouri.cdu. 


MU is an Equal Opportunity-Affrmuaive Action Employer 


Qu 


What can Science 
SAGE KE give me? 


p 


Essential online 
resources for the 
study of aging 


SAGE KE- Science of Aging 
Knowledge Environment offers: 


* Perspectives and Reviews on 
hot topics 

* Breaking news stories 

* A database of genes and 
interventions 


* PDFs of classic papers 


SAGE KE brings the latest information 
on aging related research direct to 

your desktop. Itis also a vibrant virtual 
community, where researchers from 
around the world come together to 
exchange information and ideas. For 
more information go to www.sageke.org 


Ta sign up today, visit promo.aaas.org/ 
sageas 


Sitewide access is available for 
institutions. To find aut more e-mail 
sagelicense@aaas.org 
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es 
« How can | organize 
and protect my back 
issues of Science? 


; Custom-made 
library file cases! 


Designed to hold 
12 issues and 
covered ina rich 
burgundy leather- 
like material, each 
slipcase includes 
an attractive label 
with the Science 


Great gift idea! 


Send order to: 

TNC Enterprises Dept.SC 

P.O. Box 2475 

Warminster, PA18974 

Specify number of slipcases and 
enclose name, address and payment 
with your order (no P.O. boxes please). 
Add $3.50 per slipcase for shipping 
and handling. PA residents add 6% 
sales tax. Cannot ship outside U.S. 


Credit Card Orders: AmEx, VISA, 
MC accepted. Send name, number, 
exp. date and signature. 


Order online: 
www.tncenterprises. net/se 


Unconditionally Guaranteed 


MARKETPLACE 


Diverse Small Molecules 
Ready for Screening 
Upwards of 200,000 ChemBridge 


Compounds Corporation 
Pre-Plated in DMASO aa 


Very Competitivel cad eal 
: Priced 4 : ; 
Next Day Delivery* 


(800) 964 6143 or (858) 451 
* Limited 


Achieve 


Optimal Transfection 


TransIT”-Reagents and Kits 
for all your delivery needs: 


plasmid, siRNA, mRNA, 
viral RNA and oligos. 


\e 
Mirus. 
a i ai 


tt Ad] Beging at the Bench 
wwwmirusbio.com 


MARKETPLACE 


SULTS FAST... 
) _PePscreen’ 
way m Peptide Libraries 


DELIVERY IN 7? BUSINESS DAYS! 


QC: MS supplied for all peptides 
Amount: 0.5 - 2 mg 

Length: 6-20 amino acids 
Modifications: Variety available 
Format: Lyophilized in 96-tube rack 
Minimum order size: 48 peptides 
Price: $50.00 per peptide (unmodified) 


SIGMA 
GENOSYS 


www.sigma-genosys.com/MP 
North America and Canada - 1-800-234-5362 
Email: peptides@sial.com 


Looking for a job? 


© Job Postings 

Job Alerts 
Resume/CV Database 
Career Advice 

Career Forum 


ev e8 


ScienceCareers.org 


We krow sctonce BMaaas 


US Pod # 5.436, 49 
Call: Ab Peptides 1°800 #3833362 
Fox: 314°96898988 ww.abpeps.com 


Molecular Cloning Laboratories 


High throughput DNA sequencing 
Gene synthesis $2/bp any size 
Protein expression & purification 
Yeast 2 hybrid/phage displaying 


wwwmelab.com, 988 625 2238 


POLYMORPHIC 


Fe meet Potsmorptic DMA Toctnigigg 99, Ine= 


Assay design, primers, 
PCR, DNA sequencing 
and analysis included. 


SNP Discovery 
using DNA sequencing 
$.01 per base. 


884.362.0888 
werw.polymorphicdna.com : Info@polymorphixdna.com 


VOL310 SCIENCE www.sciencemag.org 


Believe it! 


¢ Read length up to 900 bases. 
¢ High quality electropherograms. 
¢ Fast turnaround. 


per reaction. 


* Plasmid and PCR purification available. 


www.polymorphicdna.com 
info@polymorphicdna.com 


1125 Atlantic Ave., Ste. 102 
Alameda, CA 94501 


For research use only. © Polymorphic DNA Technologies, 2005 


Stem Cell & Lineage Marker 


Antibodies | from R&D Systems 


Quality | Selection | Performance | Results 


FIGURE 1. Detection of Nestin in mouse R&D Systems cell marker 


fetal brain tissues using R&D Systems’ goat 
anti-rat Nestin polyclonal antibody (Catalog 
# AF2736). Sections were stained using H H Hh 

ris learaif cir peadua ae ee AG) antibodies facilitate stem cell 
antibody and counterstained using Fluoro 
Niss| Green. 


characterization and 


assessment of differentiation. 


New Antibodies: 


Cripto-1 Nurr-1 
: at FOXD3 Pax4 

FIGURE 2. Detection of Musashi-1in paraffin- oa a 
embedded human intestine tissue sections GFAP Prominin-2 
using 10 mg/mL of R&D Systems’ goat anti- - 
human affinity-purified antibody (Cat. # AF2628). Mash ROBO4 
Tissues were stained using R&D Systems’ Musashi-1 SDNSF 
anti-goat HRP-DAB Cell and Tissue Staining Kit 
(brown) (Cat. # CTS008) and counterstained with NeuroD1 SOX3 
hematoxylin (blue). Tissue antigen retrieval was Nestin SOX7 


done using R&D Systems' antigen retrieval reagent 
(basic pH, Cat. # CTS013) 


New fluorochrome-labeled 


antibodies: 
ABCG2 PODXL 
Alkaline Phosphatase SCF R/c-kit 
E-Cadherin SLAM family 
69 GATA-1 SOX-2 
FIGURE 3. Intracellular staining af mouse i 
embryonic stem cells differentiated by 5 pM Nestin SSEA-1 
retinoic acid for 3 days with anti-Oct3/4-PE Oct-3/4 SSEA-4 
(Catalog # IC1759P} (filled histogram) <<< | 
or with isotype control (Catalog # 1CO13R, Olig-1,2,3 Tie-2 
open histogram}. Pax3 VEGFR2/FIk-1 
3 PDX-1 
vi) 
Advantages: 
« Highly specific, stable and versatile 
« Unparalleled selection: 
9 , ; monoclonal, polyclonal and labeled 
FL2-H 
www.RnDSystems.com | (800) 343-7475 
U.S, & Canada Europa Germany France 
RED Systems, Inc. R&D Systems Europe Ltd. RED Systems GmbH R&D Systems Europe 
lel: (8001 343-7475 lel: +44 (011235 529449 lel: ORDO $09 4455 lel:0800 90 72 49 
infoMRalSystems.com info#Rn DSystems.co.uk infogmbhéRn Syste ms.ca.uk infoMRnlISystems.ca.uk 


R&D Systems is a trademark of TECHNE Corporation. 


For research use onty. Not for use in humans, 


